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EXECUTIVE SUMMARY

This report presents the results of the Remedial
Investigation (RI) at Site 3, the Beach Trainfire
Ranges. The objectives of the RI at Site 3 were to
collect sufficient data to assess: (1) the lateral
and vertical extent of potential contamination,

(2) the potential threat to human health and the
environment from site-related chemicals, and

(3) the potential remedial measures, if needed.

Background

Site 3 extends approximately 3.2 miles along the
coastline of Monterey Bay at the western
boundary of Fort Ord. It has been used for small
arms trainfire since the 1940s. In general,
trainees fired from firing lines on the eastern
portion of the site toward targets spaced at
varying intervals to the west. Spent ammunition
accumulated on the east-facing (leeward) sides of
the sand dunes that formed the "backstops” for
the targets.

Site 3 is proposed for reuse as a state park
consisting of hiking trails, campgrounds, and
associated ancillary facilities. Boardwalks
through the dunes will connect parking lots on
the eastern portion of the site with the beach to
the west.

Conceptual Site Model

To focus the RI data collection activities at Site 3,
a conceptual site model was developed. The
spent ammunition in the dune sands are the
potential source of chemicals at Site 3. The
possible chemical release and migration
mechanisms identified included:

* Migration of spent ammunition to the surf
zone through erosion

* Leaching of metals from spent ammunition to
soil

* Leaching of metals through the soil to
groundwater
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» Migration of dissolved metals within and
between aquifers

* Discharge of groundwater containing metals
to Monterey Bay

+ FEntrainment in air of metals adsorbed to dust
particles

* Bioaccumulation of chemicals by organisms,
such as plants, and migration to other
ecological receptors via the food web.

The data needed to investigate these potential
chemical release and migration mechanisms were
collected during the RI. The human receptors
and exposure pathways are discussed further in
the Site 3 Human Health Risk Assessment in
Volume III of this report. The ecological
receptors and exposure pathways are discussed
further in'the Ecological Risk Assessment in
Volume IV of this report.

Remedial Investigation Program

The Site 3 Work Plan (HLA, 1993f) proposed five
tasks to be conducted during the RI for Site 3:
1) source characterization, 2) soil contamination
investigation, 3) air sampling investigation,

4) groundwater contamination investigation, if
necessary, and 5) ecological receptor
investigation, if necessary. Task 5 was
conducted as part of the Basewide Ecological
Risk Assessment (Volume IV of this report).
Based on the evaluation of data collected during
the first three tasks, the groundwater
investigation (Task 4) was not considered
necessary.

The three primary tasks conducted during the
investigation of Site 3 are outlined below:

¢+ Task 1: Source Characterization

- Conducting a preliminary visual survey
of two areas within the site

[A]
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Executive Summary

of metals leached using rainwater were generally
higher than those leached with saltwater for both
sieved and unsieved surface samples containing
high concentrations of lead.

Lead concenirations in leachate samples ranged
from ND to 76.6 mg/L. The highest
concentrations were in the 0.33 foot sample from
Test Pit E-35; 76.6 mg/L from the unsieved
rainwater leach and 23 mg/L. from the sieved
rainwater leach. Concentrations of lead in the
leachate were significantly less than 1 percent of
the corresponding total concentration of lead in
soil. As with the distribution of spent
ammunition and concentrations of lead in soil
samples, the concentrations of lead in the
leachate samples decrease by orders of magnitude
with depth.

Air Sampling

The results of the air quality investigation
indicated that because of highly variable wind
conditions, assessment of airborne contaminants
originating only from Site 3 was not possible.
The data collected, therefore, were used only
qualitatively in the Baseline Human Health Risk
Assessment. Detected metals included lead,
antimony, and copper.

Extent of Contamination

The horizontal distribution of spent ammunition
was most effectively evaluated using visual
mapping of spent ammunition and can be
applied sitewide. In areas where surface
concentrations of bullets exceeded 10 percent an
encrusted built layer was observed. Soil data
show a correlation between high lead
concentrations and high concentrations of spent
ammunition (greater than 10 percent).

The vertical distribution of lead also correlates
with the presence of an encrusted bullet layer,
the base of which extends to approximately 2 feet
bgs, extending to a maximum depth of 4 feet in
the vicinity of Test Pit M-02. Only three samples
below 2.0 feet contained concentrations of lead
greater than maximum background. These
samples were all collected within 2.5 feet of an
encrusted bullet layer. Other metals (copper,
zine, and antimony) detected above their

Volume i
A33690-H
November 18, 1994

maximum background concentrations were
collocated with lead.

Risk-based target cleanup levels (TCLs) were
calculated for site 3 and are presented in the
Baseline Human Health Risk Assessment
(Volume I of this report). A TCL for lead of
1,860 mg/kg for a child and 4,192 mg/kg for an
adult were calculated based on a recreational use
scenario. The TCLs will be used as remediation
goals for future cleanup at site 3. Concentrations
of lead greater than the TCL are generally limited
to areas where surface concentrations of bullets
are greater than 10 percent with the exception of
Test Pit X-02 in Study Area 1.

Potential for Groundwuater Contamination

As part of HLA's RI at adjacent Site 2, monitoring
wells were installed to define a solvent plume.
Two wells were installed in the upper portion of
the 180-foot uppermost aquifer beneath Site 3,
MW-02-05-180 and MW-02-10-180.
MW-02-10-180 is installed within 20 feet in a
crossgradient direction of a heavily bulleted dune
face in Range 11 and thus, likely represents a
situation where lead would be anticipated.
Groundwater gradients in the area are generally
flat and, given the topography of the area and the
encrusted layer present on the dune face, one
would expect some surface runoff and infiltration
in the vicinity of MW-02-10-180. Samples
collected from these wells were analyzed for
priority pollutant metals; lead was not detected
and other priority pollutant metals were not
detected above their MCLs.

Monitoring wells MW-02-02-180 and
MW-02-08-180 also installed in Site 2 are
approximately 500 feet downgradient of a heavily
bulleted area in Range 9. Groundwater samples
collected from these wells were also analyzed for
priority pollutant metals; lead was not detected
and other priority pollutant metals were not
detected above their MCLs, except for
inconsistent detections of antimony in MW-02-
08-180.

The occurrence of elevated concentrations of lead
in only the shallow soils, and the groundwater
data from nearby wells indicate that there is little

Harding Lawson Associates Site 3



Executive Summary

potential for contamination of the groundwater
by lead.

Fate and Transport

Prior to collecting data for the RI, a conceptual
model was developed to identify potential
exposure pathways and migration mechanisms
for the anticipated contaminants. Physical and
chemical data were collected during the RI to
evaluate the characteristics of metals that control
their mobility and persistence (i.e., fate) in the
environment. These data were used to assess the
viable migration (i.e., transport) pathways
identified in the conceptual model.

Weathering of spent ammunition has leached
lead, copper, zinc, antimony and iron into the
soil at Site 3. The mobility and persistence of
melals in the environment are influenced by the
amount, form, and oxidation state of the metal,
and by the composition and physiochemical
properties of the soil. Because the contaminant
source is the spent ammunition, these metals
appear to be present in their elemental form or as
oxides. The soil properties that may affect the
fate and transport of metals include: bulk
density, surface area, particle size distribution,
pH., oxidation/reduction potential, cation
exchange capacity (CEC), salinity, and type and
concentration of organic matter, clay minerals
and oxides. Particle size distribution, CEC, pH,
and total organic carbon (TOC) data were
collected during the RI to assist in evaluation of
metal retention and release processes in soil at
Site 3. Lead, copper, and zinc generally behave
similarly in terms of their persistence in soil.
Because lead is the most toxic of these three
metals, and because the highest concentrations of
copper and zinc are collocated with elevated
concentrations of lead at Site 3, mobility and
persistence of these metals will be discussed in
terms of lead.

Particle size distribution, CEC, TOC and pH are
interrelated in governing contaminant
persistence. Particle size distribution data
indicate that soil at the site is primarily silty
sand to sand with a pH ranging from 5.1 to 8.3.
The CEC ranged from 2.0 to 40.3 milliequivalents
per 100 grams and TOC concentrations ranged
from 229 mg/kg to 4,600 mg/kg, with one sample
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containing a concentration of 14,800 mg/kg.
Although the soil contains very little clay, the
pH, CEC, and TOC values are within a range that
would favor retention of lead.

Soluble lead reacts with clays, phosphates,
sulfates, carbonates, hydroxides and organic
matter in soil, and greatly reduces the solubility
and, hence, the mobility of lead. Soil pH greatly
affects the retention of lead in soil (Harter, 1983).
Generally, soils with a pH of 6.0 or greater will
cause lead to adhere to the soil or form lead
compounds. Lead also has a strong affinity for
forming carbonate and oxide compounds, which
also increases retention of lead, thus reducing its
mobility in soil. The presence of iron in an
oxidizing state could cause the formation of lead
oxide compounds, which are also highly
insoluble. This is evident at Site 3. The
encrusted bullet layer correlates with the highest
concentrations of lead and appears to be acting
as an iron oxide substrate, concentrating the lead
and other metals.

The primary transport mechanisms at Site 3 were
identified as the leaching of lead and other
metals from spent ammunition to soil and the
migration of those metals in the unsaturated zone
soil. Some leaching of spent ammunition to the
soil has occurred at Site 3, as evidenced by high
concentrations of iron, lead, copper, zinc, and
antimony in soil samples collected during the RI.
The site's soil properties and the vertical
distribution of lead indicate that there has been
very limited vertical migration. Within 2.5 feet
of the encrusted bullet layer, lead concentrations
decrease to near maximum background levels.
The distributions of other metals (copper, zinc,
and antimony) detected above maximum
background were similar to that of lead and also
indicate limited leaching of the metals found at
the surface. These data indicate that the metals
have not migrated significantly in the
unsaturated zone at Site 3 and, thus, have not
likely migrated to groundwater. This
interpretation is supported by the available
groundwater data collected from Monitoring
Wells MW-02-10-180, MW-02-02-180, and
MW-02-08-180, as discussed in the previous
section.

Harding Lawson Associates Site 3



1.0 BACKGROUND OF SITE 3

This section presents relevant background
information, including the site history, the
physical description, the proposed land reuse,
and a summary of previous investigations.

1.1 History

Site 3 has been used for small arms trainfire
since the 1940s. Trainees fired small-caliber
hand-held weapons at targets near the leeward
dune faces. According to Mr. Roy Durham, the
director of Fort Ord Range Control, Ranges 1
through 8 have been used since 1975, with
Range 8 receiving the heaviest and most recent
use. Before 1975, all of the target ranges were
used. During the training activities, cartridges
were routinely collected for reuse. No routine
efforts were made to collect the spent
ammunition. However, in 1976 and 1977,
several hundred pounds of spent ammunition
were recovered at Ranges 15 and 16 by a

Fort Ord contractor, with little disturbance to the
dunes (EA, 1991a). This is the only known
remedial activity at Site 3.

1.2 Physical Description

Site 3 extends approximately 3.2 miles

(780 acres) along the coastline of Monterey Bay
and forms a portion of the western boundary of
Fort Ord. The site is bordered to the south by
Sand City, to the north by the city of Marina, to
the west by Monterey Bay, and to the east by the
trainfire range access road and Highway 1

(Plate 1). Small arms firing ranges, numbered 1
through 17, are scattered along the eastern half of
the site (Plate 2). No firing ranges are numbered
10 or 13. In general, trainees fired from firing
lines on the eastern portion of the site toward
targets spaced at varying intervals to the west.
Spent bullets accumulated on the east-facing
(leeward) sides of the sand dunes that formed
"backstops" for the targets. A former ammunition
storage area is between Ranges 3 and 4. The area
west of the dunes is an undeveloped beach.

Most of the surface area of Site 3 is unpaved and
vegetated, with dune sand present at the surface.
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The predominant topography (i.e., numerous,
intersecting rolling hills) of Site 3 reflects a
morphology typical of the dune sand deposits
that underlie the site. The bases of the dunes
begin at an elevation of approximately 40 feet
above mean sea level (MSL); the tops of the
dunes extend to elevations as high as 150 feet
MSL. The dunes are truncated to the west by
steep cliffs formed as a result of waves and
winter storms. The cliffs are up to 40 feet high
above the beach.

Stilwell Hall and two sewage treatment plants are

- the main onsite structures. Stilwell Hall, in the

central part of Site 3 and formerly used as a
recreational center, was 200 to 300 feet from the
shoreline when it was built in the 1940s.
However, natural forces have eroded the
shoreline cliffs so that Stilwell Hall is now
adjacent to the shoreline. A seawall was
constructed to protect the structure from the
encroaching surf. The Ord Village Sewage
Treatment Plant (STP) and the Main Garrison
STP are contained within Site 3, but they are not
considered as a part of Site 3 (Plate 2). Instead,
these STPs are being investigated separately as
Sites 1 and 2, respectively. Sewage is no longer
treated at these plants, but instead is pumped
from Site 1 and gravity fed from Site 2 to the
Monterey Regional Treatment Plant (MRTP) in
the city of Marina.

Seven storm drain outfalls, which collect
stormwater from the Main Garrison area of

Fort Ord, discharge to either the dune area or the
intertidal zone of Site 3. Three of the storm
drains discharge to the dunes near Ranges § and
11 and Site 1. The other four storm drain
outfalls discharge to Monterey Bay in the surf
zone along Site 3 (Plate 2). The storm drain
outfalls are being investigated as part of the
Basewide Surface Water Outfall Investigation
(BWSWOI).

1.3 Pl;oposed Reuse

Site 3 is proposed for reuse as a state park
consisting mostly of open space (FORG, 1994).

Site 3
1

Harding Lawson Associates



1.0 Background of Site 3

Preliminary proposed land uses will be reviewed
during the state's General Plan Process. The
sandy beach area is proposed for use by the
public for activities such as wading, surfing, and
sunbathing. The coastal dune zone is proposed
for restoration and preservation of the coastal
dune habitat; public access will be limited to
boardwalks or hiking trails that provide access to
the beach. The disturbed dune zone will be used
for restoration and preservation of coastal dune
habitat and for visitor service facilities (e.g.,
trailheads, scenic overlooks, displays). Family
campgrounds and day-use facilities are also
proposed. Stilwell Hall is proposed for use as a
multi-agency visitor center. The former
ammunition storage area is proposed for use for
equipment parking and storage. The Site 1 STP
is proposed for reuse as a desalination plant. An
area encompassing the Site 2 STP is proposed for
development into an aguaculture and marine
research center.

These proposed land uses are preliminary and
will be reviewed. It is the Army's intent that site
investigation and remedial activities be
completed prior to implementation of land reuse
plans.

1.4 Related Investigations
1.4.1 Investigation of Sites 2
and 12

Site 2 is the Main Garrison STP. Site 12,
immediately east of Site 3, encompasses the
Lower Meadow/DOL Automotive
Yard/Cannibalization Yard and a portion of the
Southern Pacific Railroad Spur. As part of HLA's
Remedial Investigation (RI) at Sites 2 and 12,
monitoring wells were installed to define a
solvent plume that extends from Site 12, east of
Highway 1, towards Monterey Bay. Two
monitoring wells, MW-02-05-180 and
MW-02-10-180 (Plate 2), were installed within
the upper portion of the 180-foot aquifer at

Site 3. The 180-foot aquifer is the uppermost
aquifer beneath the site and is described further
in Section 2.5. Well MW-02-05-180 was installed
near Range 9. Well MW-02-10-180 was installed
within 20 feet in a crossgradient direction of a
heavily bulleted dune face in Range 11.
Subsequent to installation, these wells were
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sampled for priority pollutant metals and volatile
organic compounds (VOCs).

Groundwater analytical results were compared to
federal and state Maximum Contamination Levels
(MCLs). The lowest of the two MCLs was used
for comparison. Current federal and state MCLs
are presented in Table F1 (Appendix F). Lead
was not detected and other priority pollutant
metals were not detected above MCLs in the
groundwater sample from Well MW-02-05-180.
Trichloroethene (TCE) and 1,2-dichloroethene
(1,2-DCE) were the only VOCs detected above
their MCLs. Analytical results for the
groundwater sample from MW-02-10-180
indicated that lead was not detected and other
priority pollutant metals were not detected above
their MCLs. VOCs detected included
1,1,1-trichloroethane (1,1,1-TCA),
1,1-dichloroethene (1,1-DCE), tetrachloroethene
(PCE), and TCE, but none of these exceeded its
MCL.

Monitoring Wells MW-02-02-180 and
MW-02-08-180 also located in Site 2; both wells
are approximately 500 feet downgradient of a
heavily bulleted area in Range 9 (Plate 2).
Groundwater samples collected from these wells
were also analyzed for priority pollutant metals;
lead was not detected and other priority pollutant
metals were not detected above their MCLs,
except for inconsistent detections of antimony in
MW-02-08-180.

Additional information on the construction,
sampling, and analytical results for these wells is
provided in Volume II - Sites 2 and 12 Text,
Tables, and Plates of this report.

1.4.2 Investigation of Site 1

As part of HLA's investigation of Site 1 (Ord
Village STP), three monitoring wells were
installed in the upper 180-foot aquifer (Plate 2).
Subsequent to installation, the wells were
sampled during three separate events and
analyzed for total petroleum hydrocarbons (TPH)
as gasoline and diesel, VOCs, semivolatile
organic compounds (SOCs), priority pollutant
metals, pesticides and polychlorinated biphenyls
(PCBs), oil and grease, and fecal coliform.
Analytical results indicate that thallium,

Harding Lawson Assoclates Site 3
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1.0 Background of Site 3

antimony, and cadmium were detected above
their MCLs. Lead was not detected in any of the
groundwater samples. Methylene chloride was
the only other analyte detected above its MCL.

Additional information regarding the sampling
and analytical program for Site 1 is provided in
Volume I - Site 1 Summary of this report.
1.4.3 Basewide Surface Water
Outfall Investigation
(BWSWOI)

The purpose of the BWSWOI was to assess
whether there has been transport of contaminants
to the surface water outfalls via the surface water
drainage or storm drain systems. The subsurface
storm drain system discharges to either on-land
surface water outfalls or ocean outfalls in the surf
zone. The surface water drainage system
comprises aboveground natural or manmade
drainages that discharge to or receive discharge
from the subsurface storm drain system. The
BWSWOI included sampling of soil from borings
completed at the surface water outfalls and of
sediment from within the storm drain system
outfall pipes, manholes, or catch basins. A video
reconnaissance of the storm drain system from
the ocean outfalls to beneath Highway 101 was
performed to locate areas where sediment had
collected in the storm drain pipelines between
the manholes. No catch basins (i.e., structures to
facilitate surface water runoff into the storm
drain pipelines) were identified within the Site 3
boundaries. Therefore, the data for sediment
samples collected from these pipelines are not
relevant to Site 3.

Within the boundaries of Site 3 (Plate 2), the soil
at two surface water outfalls (sampling locations
OF-05 and OF-15) was sampled. The analytical
results for the BWSWOI are presented and
discussed in Volume II - Remedial Investigation,
General, Basewide Programs of this report.
Although some pesticides, VOCs, metals, and an
unknown hydrocarbon were detected in the
OF-05 sample, the human health screening risk
evaluation (SRE) conducted using these data
indicated no human health risks and no further
action (NOFA) was proposed for OF-05 under the
BWSWOL Soil samples obtained from soil
borings at sampling location OF-15 contained
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unknown hydrocarbons at 2.25 feet below
ground surface (bgs) and the outfall location
requires further characterization under the
ongoing BWSWOI. The potential impacts to
groundwater from the hydrocarbons in the soil at
the outfall will be assessed when the additional
characterization is completed. A more detailed
discussion of the BWSWOI is included in the
basewide programs section of Volume II of this
report.
1.4.4 Baseline Ecological Risk
Assessment

Plant and associated soil samples were collected
during the Baseline Ecological Risk Assessment
to evaluate the effects of lead in soil on native
vegetation. Four composite soil samples were
collected in each study area and five composite
soil samples were collected in the Contro] Area.

To accommodate the collection of samples that
represented a wide area, sampling was conducted
using four transects in Study Area 1 and Study
Area 2, and five transects in the Control Area. In
each area, one composite soil sample was
composited using soil collected at the surface
along each transect. Each sample was analyzed
for priority pollutant metals. All of the priority
pollutant metals concentrations detected were
within the range of concentrations detected at the
site with the exception of Sample $5-03.1.2
collected in a heavily bulleted area. This sample
contained lead at a concentration of

47,500 mg/kg. This only slightly exceeded the
maximum concentration of lead (46,300 mg/kg)
detected during Site 3 RI soil sampling activities
{see Section 4.2.3).

A detailed discussion of soil and biota samples
collected at Site 3 as part of the Baseline
Ecological Risk Assessment is provided in
Volume IV of this report.
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2.0 PHYSICAL CHARACTERISTICS

This section describes the physical characteristics
of the site and vicinity. These characteristics
include climate, biology, geology, surface water
hydrology, and hydrogeology. Each of these
characteristics is discussed in the following
sections.

2.1 Climate

The Pacific Ocean is the principal influence on
the climate at Fort Ord. Daily ambient air
temperatures typically range from approximately
40 to above 70 degrees Fahrenheit (°F), but
temperatures slightly above 100°F occur
occasionally. Thick fog is common in the
morning throughout the year. Winds are
predominantly from the west during the spring
and summer months, but are variable during the
fall and winter. The average annual rainfall of
14 inches occurs almost entirely between
November and April.

2.2 Biology

The ecological setting at Fort Ord was described
by HLA as part of the Draft Basewide Biological
Inventory, dated December 9, 1992, Ecological
Risk Assessment (Volume IV of this report), and
by the U.S. Army Corps of Engineers

(COE, 1992a). Additional information on the
plant communities at Fort Ord can be found in
Hickman (1993), Munz (1959), Kichler (1977),
and Schoenherr (1992). The distributions of
bioclogical communities within Site 3 are shown
on Plates 3, 4, and 5 and summarized below.

Biological communities at Site 3 include active
dune, beach, vegetatively stabilized dune, central
coastal scrub, northern foredune grassland,
landscaped, and upland ruderal. Active dune
and beach communities are characterized by
physical factors (e.g., active sand deposition),
with little or no vegetation. The remaining five
communities occur in a narrow band between the
area of active dune and Highway 1, and are
described as follows:
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Vegetatively stabilized dunes: Occupies the
greatest area within Site 3. Characteristic
plants in the vegetatively stabilized dune
community include hottentot fig (Carpobrotus
edulis), sea fig (Carpobrotus chilensis), pink
sand verbena (Abronia umbellata ssp.
umbellata), European beachgrass (Ammophila
arenaria), seaside daisy (Erigeron glaucus),
and California poppy (Eschscholzia
californica). Hottentot fig and seafig are
more commonly known as ice plant.

Central coastal scrub community:
Characterized by a dense cover of shrubs,

subshrubs, and herbs that generally grow to a
maximum height of about 3 feet, This
community occurs primarily in leeward areas
within the dune complex. Characteristic
plants in the central coastal scrub
community include coyote brush (Baccharis
pilularis), coastal sagewort (Artemisia
pycnocephala), mock heather (Ericameria
gricoides), and California broom (Lotus
scoparius).

Northern foredune grassland community:
Dominated by stands of low-growing sand-

dune bluegrass (Poa douglasii). This
grassland community occurs in dune swales,
typically as isolated patches smaller than 30
square feet. In addition to this dominant
species, hottentot fig and several low-growing
shrubs may occur in the northern foredune
grassland community. Northern foredune
grassland is considered sensitive by resource
agencies.

Landscaped communities: Characterized by
tall, cultivated trees and shrubs intentionally

introduced and maintained. Gommonly
planted trees and shrubs in this community
include Australian tea tree (Leptospermum
laevigatum), blue gum (Eucalyptus globulus),
Monterey cypress (Cupressus macrocarpa),
and golden wattle (Acacia longifolia). Annual
grasses such as rattail fescue (Vulpia myuros
var. m.) and red brome (Bromus madritensis
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2.0 Physical Characteristics

ssp. rubens) occur in scattered openings
within the landscaped communities.

* Upland ruderal communities: These areas
support primarily non-native weedy plants
adapted to disturbed conditions.
Characteristic non-native taxa in the upland
ruderal community include hottentot fig, sea
fig, ripgut grass (Bromus diandrus), red-
stemmed filaree (Erodium cicutarium), weedy
cudweed (Gnaphalium luteo-album), and
kikuyu grass (Pennisetum clandestinum).
Upland ruderal communities also support a
few native taxa such as Monterey spineflower
(Chorizanthe pungens var. pungens),
buckwheat (Eriogonum spp.), and cardionema
(Cardionema ramosissimum) as minor
components of the community.

Animals commonly observed in all communities
present at Site 3 include California ground
squirrel (Spermophilus beecheyi), red fox (Vulpes
vulpes), and loggerhead shrike (Lanius
ludovicianus). Central coastal scrub, landscaped,
and upland ruderal communities provide cover
and/or foraging habitat for additional species
including yellow-rumped warbler (Dendroica
corenata), Anna's hummingbird (Calypte anna),
and house finch (Capodacus mexicanus).

Special-status taxa observed or reported near
Site 3 include Smith's blue butterfly (Euphilotes
enoptes smithi), California black legless lizard
(Anniella pulchra nigra), western snowy plover
(Charadrius alexandrinus nivosus), loggerhead
shrike, merlin (Falco columbarius), sand gilia
(Gilia tenuiflora ssp. arenaria), Kellogg's horkelia
(Horkelia cuneata ssp. sericea), coast wallflower
(Erysimum ammophilum), Yadon's piperia
(Piperia yadonii), sandmat manzanita
(Arctostaphylos pumila), Monterey ceanothus
(Ceanothus cuneatus var. rigidus), Monterey
spineflower, Robust spineflower (Chorizanthe
robusta var. robusta), Monterey Indian paintbrush
(Castilleja latifolia), Menzies' wallflower
(Erysimum menziesii ssp. menziesii), and Seaside
bird's-beak (Cordylanthus rigidus var. littoralis).
The status of these taxa is presented in Table 1
in order of decreasing sensitivity.
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2.3 Geology

The uppermost deposits at Site 3 include beach
sand and recent and older dune sand. Beach
sand is restricted to the coastline and consists of
unconsolidated, well-sorted, fine- to coarse-
grained sand composed largely of quartz and
feldspar. Localized deposits consisting of sand
composed largely of heavy minerals and sand
mixed with rounded gravels occur sporadically as
a result of segregation by wave action. Steep
bluffs border much of the landward portion of
the beach, and at least a portion of the beach
sand is derived from erosion of the dunes
forming the bluffs.

The recent dunes are typical, parabola-shaped
structures oriented with the long axis
perpendicular to the shoreline, coinciding with
the dominant westerly onshore wind. The dunes
are composed of loose, well-sorted,
fine-to-medium grained quartzose sand. The
recent deposits are up to 100 feet thick and, for
the most part, are heavily vegetated and,
therefore, stabilized. Historical aerial
photographs from 1941 through 1992 confirm
that the dunes have been stable since at least the
time that the area was first used for trainfire
ranges. Cooper (1967) suggests that the dunes
have been stable since the slowing of the rise in
sea level after the last ice age.

Waves and winter storms are eroding the dunes
along the shoreline, forming steep cliffs up to
heights of about 40 feet. The dunes are also
truncated along their landward sides by the firing
ranges. The only active deposition on the dunes
is in the blowouts that result from wind erosion
in weak areas along the shoreline side of the
dunes. The blowouts appear as spoon-shaped,
sandy areas devoid of vegetation that form
narrow roughly east-west troughs that slope
toward the shoreline (see Plate 8). Sand from the
troughs is blown to the top of the dunes by the
wind and accumulates as a Jeeward-pointing
tongue.

Recent dune deposits overlie Pleistocene- to
Holocene-age dune sand deposits up to 250 feet
thick. This older dune sand is predominantly
fine- to medium-grained, with an abundance of
quartz and feldspar. The older deposits are
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slightly more consolidated than the recent dune
sand, and form resistant ledges in the erosional
zone of the blowout areas. The former ground
surface of these older deposits appear as
paleosols along the cliff face of the dunes.

2.4 Surface Water Hydrology

Surface water runoff is minimal at Site 3 because
of the high rate of surface water infiltration into
the permeable dune sand. Consequently,
well-developed, natural drainage channels are
absent throughout the site. Typical of dune
topography, closed drainage depressions resulting
from coalescing dune troughs are cornmon
throughout the site.

2.5 Hydrogeology

The hydrogeology of Fort Ord was investigated as
part of the Basewide Hydrogeologic
Characterization and is described in greater detail
in Volume II of this report. Information collected
for the basewide study pertinent to Site 3

follows.

Site 3 overlies the western portions of both the
Salinas and the Seaside basins, the two main
hydrogeologic structures underlying Fort Ord.
Five hydrostratigraphic units have been identified
in the Salinas Basin: A-aquifer, Salinas Valley
Aquiclude (SVA), 180-foot aquifer, 400-foot
aquifer, and the 900-foot aquifer. In the Salinas
Basin, the SVA separates the A-aquifer from the
underlying 180-foot aquifer over most of Fort Ord
but is absent beneath Site 3. Therefore, at Site 3,
the merged A- and 180-foot aquifers of the
Salinas Basin are treated as one unit, and is
referred to as the upper 180-foot aquifer. A silty
and clayey sand aquitard separates the

upper 180-foot aquifer from the lower 180-foot
aquifer. The Seaside Basin underlies the
southern portion of Site 3. The aquifers in the
Seaside Basin are referred to by their geologic
formation names rather than their average depth
to groundwater. Progressing downward, these are
the Aromas Formation, the Paso Robles
Formation, and the Santa Margarita Formation.
Together, the recent and older dune sands
comprise the upper portion of the unconfined
180-foot aquifer in the Salinas Basin and the
uppermost aquifer in the Seaside Basin.
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Data on water levels obtained from monitoring
wells installed as part of the investigation of
Sites 2 and 12 indicate that the depth to
groundwater near Site 3 ranges from
approximately 20 to over 100 feet bgs. At
Range 11, the groundwater level in Monitoring
Well MW-02-10-180 (Plate 2) is approximately
40 feet bgs, given the topography and elevation
variations at Site 3, groundwater is shallowest in
this area. Based on data obtained from the

Sites 2 and 12 investigation, the gradient in this
area appears to be relatively flat. Potentiometric
maps suggest that horizontal flow across the site
is predominantly to the west/southwest at Sites 1
and 2 and in the southern and north-central
portions of Site 3 (Plate 2).

Tidal studies conducted as part of the
investigations of Sites 1 and 2 indicate that
groundwater flow beneath these two sites is
influenced by tides, resulting in small (=0.5 foot
maximum) diurnal changes in groundwater
levels. Seawater intrusion is documented to
occur beneath the site in the upper 180-foot
aquifer near the beach, the lower portion of the
180-foot aquifer, and the 400-foot aquifer. In the
Seaside Basin, seawater intrusion has been
documented in the uppermost aquifer (Arornas
Formation) only.

Harding Lawson Assoclates Site 3



3.0 CONCEPTUAL SITE MODEL

A conceptual site model was developed for Site 3
and presented in the Draft Final Work Plan, Site 3
(Site 3 Work Plan) (HLA, 1993f). The conceptual
site model was used to identify the data needed
to specifically evaluate whether current or future
complete exposure pathways are expected at

Site 3, and, if the pathways are complete, to
assess potential human health and ecological
risks associated with site-related chemicals.

Plate 6 illustrates the possible chemical migration
pathways that were considered at Site 3.

The Environmental Protection Agency
(EPA, 1989b) describes exposure pathways in

terms of four components:

* A source and mechanism of chemical release

* A retention or transport medium (or retention

media in cases involving media transfer of
chemicals)

* A point of potential contact (referred to as the
exposure point) by a human or ecological
receptor with the contaminated medium

* An exposure route (e.g., ingestion) at the
exposure point.

All four of these components must be present for
a potential exposure pathway to be considered
complete.

3.1 Chemical Source

The spent ammunition in the dune sands is the
potential source of chemicals at Site 3. The
likely chemicals are lead, copper, and other
priority pollutant metals.

3.2 Possible Chemical Release
and Migration Mechanisms

The possible chemical release and migration
mechanisms identified at Site 3 are listed below
(Plate 6):
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*  Migration of spent ammunition to the surf
zone through erosion

*  Leaching of metals from spent ammunition
to soil

*  Leaching of metals through the secil to
groundwater

*  Migration of dissolved metals within and
between aquifers

*  Discharge of groundwater containing metals
to Monterey Bay

*  Entrainment in air of metals adsorbed to
dust particles

*  Bioaccumulation of chemicals by organisms,
such as plants, and migration to other
ecological receptors via the food web.

The data needed to investigate these potential
chemical release and migration mechanisms were
collected during the RI. As mentioned in
Section 2.4, a significant volume of stormwater
runoff is not expected at the site because of the
high porosity of the dune sands; therefore, this
migration pathway was not addressed further in
this RI. Potentially contaminated surface water
runoff discharged from the storm drain or
stormwater beach outfalls to surface water or soil
at Site 3 was evaluated separately in the
BWSWOI and is described further in the
basewide programs section of Volume II of this
Teport.

3.3 Possible Receptors and
Complete Exposure
Pathways

Possible human and ecological receptors were
identified during the RI. The data required to
evaluate whether potential exposure pathways
are complete for each of the receptors were also
collected during the RI and Ecological Risk
Assessment. Human receptors and exposure
pathways are discussed further in the Site 3

Site 3
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3.0 Conceptual Site Model

Human Health Risk Assessment in Volume III of
this report. Ecological receptors and exposure
pathways are discussed further in the Ecological
Risk Assessment in Volume IV of this report.
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4.0 REMEDIAL INVESTIGATION PROGRAM

This section describes the scope of work and
discusses the results of the RI at Site 3. The goal
of the RI at Site 3 was to collect sufficient data to
assess 1) the lateral and vertical extent of
potential contamination, 2) the potential threat to
human health and the environment from site-
related chemicals, and 3) the potential remedial
measures, if needed. A phased field program was
proposed in the agency-approved Site 3 Work
Plan (HLA, 1993f); sampling was to be conducted
based on the findings from previous phases.
Based on the site background and conceptual site
model, the following five tasks were proposed in
the Site 3 Work Plan and are outlined on Plate 7:

+ Source characterization (Task 1 on Plate 7)
*  Soil contamination investigation (Task 2)
* Air sampling investigation (Task 3)

* Groundwater contamination investigation, if
necessary (Task 4)

* Ecological receptor investigation, if necessary
(Task 5).

The ecological receptor investigation (Task 5) was
included in the scope of work for the Basewide
Ecological Risk Assessment (Volume TV of this
report) and was not conducted as part of the
Site 3 RI. Deviations from the Site 3 Work Plan
are noted in the appropriate sections herein.
Because of its large size (approximately

780 acres), three areas of Site 3 were selected to
represent site conditions. Ranges 11 and 12
(Study Area 1) were selected to represent the
older ranges that have not been used since 1975.
Ranges 5 through 8 (Study Area 2) were selected
to represent the ranges that have received the
most recent heavy use. An area between

Ranges 8 and 9 was selected as a Control Area
because it reportedly was never used as a firing
range. The study areas are shown on Plate 2.
The three study areas (Study Areas 1 and 2 and
the Control Area} extend from the east side of the
ranges (just west of Highway 1) to the shoreline.
Each study area contains about 70 acres.
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The three primary tasks conducted during this
investigation are outlined below:

* Task 1: Source Characterization (Section 4.1)

- Conducting a preliminary visual survey
of two areas within the site
(Section 4.1.1)

- Evaluating the distribution of spent
ammunition (Section 4.1.2)

- Detailed visual mapping and
confirmation sampling in three study
areas

- Geophysical survey concurrent with
the visual mapping

- Sitewide reconnaissance visual
mapping, including all blowouts

- Detailed mapping of five blowouts

- Visual mapping in five surf zone test
pits.

- Evaluating the chemical characteristics of
the spent ammunition (Section 4.1.3).

* Task 2: Soil Investigation (Section 4.2)

- Excavating 23 test pits in the study areas
and collecting 3 soil samples from each
test pit for metals analysis (69 samples)

- Collecting 3 additional samples in each
of 5 of the test pits for leachate analysis
(15 samples)

- Collecting one separate surface sample in
each test pit for particle size analysis
(23 samples).

» Task 3: Air Quality Investigation
(Section 4.3), which included collecting and
analyzing air samples from one study area.
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4.0 Remedial Investigation Program

The need for a groundwater investigation was
evaluated on the basis of results of the
investigation (Section 5.4).

The specific field investigation activities and
their goals or objectives are summarized in
Table 2. Before conducting intrusive field
activities, proposed sampling locations were
cleared for sensitive biological species,
underground utilities, and unexploded ordnance.

4.1 Source Characterization
4.1.1 Preliminary Visual Survey

On October 13, 1992, Harding Lawson Associates
(HLA) conducted a preliminary visual survey to
identify the types and general distribution of
spent ammunition at Site 3. The survey included
traversing two areas of the site, one area from
Range 11 to Range 17 and one at Range 8.
Several shallow (less than 3 feet deep) test pits
were excavated in both areas, for visual
observations only.

The majority of spent ammunition observed in
these two areas at Site 3 consisted of spent
bullets (i.e., combined slugs and metal jackets)
and metal fragments. From visual observations,
the spent ammunition appeared to consist
primarily of copper and lead. Many of the metal
fragments were covered with coatings or
encrustations that appeared to be either copper
oxide or iron oxide. Many of the lead slugs
appeared to be coated with a white lead oxide.
From. these observations, lead and copper were
considered to be the primary potential site-related
chemicals; other priority pollutant metals were
potentially present but at lesser concentrations.

Plates 8 and 9 show the estimated distribution of
spent ammunition based on the preliminary
survey; similar distribution patterns were
observed in both surveyed areas. In the areas
surveyed, the concentration of spent ammunition
was greatest in an approximately 10- to
30-foot-high band along the sand dunes
immediately behind the target areas. In this
band, about 10 percent or more of the ground
surface was covered with spent ammunition; the
shallow test pit excavations in such areas
indicated the presence of two distinct zones of
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spent ammunition. The first zone was a surface
layer about 3 inches thick, within which
concentrations of spent ammunition consisting of
slugs, bullet fragments, and jackets were greater
than 10 percent. Beneath this surface zone was
an underlying zone containing highly oxidized,
sand-encrusted bullets (i.e., sand and spent
ammunition fragments, moderately cemented by
oxidized metal); this zone generally extended to
about 1 to 2 feet bgs. Spent ammunition was
generally absent below 1 to 2 feet.
Representative photographs illustrating the
vertical distribution of spent ammunition at
Site 3 are presented on Plate 10.

Above the highly concentrated band and
generally extending to about the top of the dune,
the surface concentration of spent ammunition
decreased to less than 10 percent with little, if
any, ammunition below the ground surface.
From the top of the dunes to the shoreline, the
surface concentration of the spent ammunition
was less than 1 percent with none observed
below the ground surface. Spent ammunition
also occurred at greater than 10 percent (by area)
along the eroding surface of blowouts, but was
scarce to nonexistent on the surface of their
depositional tongues. Spent ammunition was
also scarce to nonexistent in areas of the dunes
between the ranges.

4.1.2 Distribution of Spent
Ammunition
41.21 Field Investigation

Between October and December 1993, HLA
conducted visual mapping, collected
confirmation samples, and used surface
geophysical methods to investigate the
distribution of the spent ammunition within the
site.

Visual Mapping and Confirmation Sampling

The visual mapping survey consisted of setting
up a rectangular grid on 50-foot centers,
traversing each study area along the lines of the
grid, and estimating the occurrence and the
percentage of surface area covered by spent
ammunition at the grid nodes. The percentage of
surface area covered by spent ammunition in the

Site 3
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4.0 Remedial Investigation Program

control area was assessed at grid nodes on
300-foot centers. To confirm the visual
estimates, the surface area coverage was also
quantitatively assessed by removing the top

1 inch of soil and spent ammunition in a
9-square-foot area at the nodes of a rectangular
grid on 300-foot grid centers; the nodes coincided
with those on the grid utilized for the visual
survey. Eighty-three of these areas were sampled
(Table 3). For each sample, the total volume of
collected soil was weighed then sieved using a
No. 8 sieve. The spent ammunition fraction of
the total sample was then weighed, and a
guantitative measure of the amount of spent
ammunition was calculated as follows:

Weight Percent of Spent Ammunition =
Bullet Weight X 100

Total Weight

This quantitative assessment of the concentration
of spent ammunition is referred to throughout the
remainder of this document as "confirmation
sampling." Locations where confirmation
sampling was conducted are referred to as
"confirmation sampling points."

Geophysical Survey

A geophysical survey was conducted
concurrently with the visual mapping to provide
additional information on the surface and
subsurface extent and concentration of spent
ammunition, especially in areas of surface
vegetation (primarily ice plant} where visual
estimates could not be made. To evaluate which
geophysical instrument(s) provided the most
effective and useful data, four nonintrusive,
surface-sweeping geophysical techniques were
tested in the Control Area. The geophysical
instruments tested included the Models EM31-D,
EM38, and EM61 electromagnetic meters
manufactured by Geonics Limited (Geonics) and
the Model 5500/D metal detector from Whites
Instruments. All of these instruments have the
ability to detect near-surface ferrous and
nonferrous metals. The instruments differ in
their sensitivity to the local mass of meta) (bullet
concentration) and the depth of burial.
Measurements from these instruments are also
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affected to some extent by changes in soil type
and soil moisture.

The initial tests indicated that the EM38 and
Model 5500/D metal detector were the most
effective of the four instruments for detecting
shallow concentrations of spent ammunition at
Site 3. After testing and development of data
measurement procedures, a geophysical survey of
the Control Area, Area 1, and Area 2 was
performed in both vegetated and nonvegetated
areas along the same grid used during the visual
survey. Following preliminary interpretation of
the geophysical data, several shallow (less than
3 feet deep) pits were excavated for visual
estimation of the concentration of spent
ammunition to help understand, calibrate, and
validate the findings of the geophysical survey.

Sitewide Visual Survey

Tn December 1993, HLA conducted a visual
survey similar to the preliminary visual survey
described in Section 4.1.1. The survey consisted
of visual reconnaissance mapping of the
distribution of spent ammunition in the
accessible areas of Site 3 that had not previously
been mapped; the survey included the blowout
areas near the beach but excluded the three
study areas. Six HLA geologists traversed the
site from south to north and recorded visual
observations of spent ammunition distribution on
maps of the site.

Mapping of Representative Blowouts

Results of the preliminary visual survey
suggested that bullets may be migrating from the
dunes to the beach and possibly to the intertidal
zone through erosion. To evaluate this potential
transport pathway, five blowouts along the beach
were investigated (Plate 11). Each blowout was
mapped by visually estimating the surface area
covered by spent ammunition at the top
(easternmost), middle, and botiom (westernmost)
third of the blowout. To confirm the visual
estimates, confirmation sampling was conducted
at two 9-square-foot areas in each third and at
one 9-square-foot area at the base of the five
blowouts (i.e., 35 confirmation sampling
locations). In addition, one test pit up to 3 feet
deep was excavated at the base of each blowout

Site 3
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to visually assess the potential for accumulation
of spent ammunition.

Surf Zone Test Pits

The distribution of spent ammunition in the surf
zone was estimated using visual observations and
by excavating five shallow, hand-dug test pits to
an approximate depth of 3 feet. The surf zone
test pit locations are shown on Plate 11.
Confirmation sampling was not conducted in the
surf zZone test pits.

All activities were performed in accordance with
the Site 3 Work Plan, with the following
exceptions:

» Only five blowouts were investigated because
the visual reconnaissance mapping indicated
the presence of numerous blowouts. The five
chosen for detailed mapping were the largest
blowouts with the most variable distribution
of spent ammunition.

* Due to the accelerated field schedule for
mapping the study areas, the geophysical
survey was completed prior to comparison of
the geophysical data and the visual estimates
obtained from the test pits and confirmation
sampling locations.

4.1.2.2 Results and Discussion

Plate 11 presents the estimated surface

distribution of spent ammunition across the site,

based on the visual reconnaissance mapping, test
pits and confirmation sampling at the five
selected blowouts, and surf zone test pits.

Plates 12 and 13 show the detailed surface

distribution of spent ammunition in each study

area. The results of the visual reconnaissance
mapping, the detailed mapping effort within the
study areas, the geophysical investigation, the
blowout mapping, and the surf zone test pits
follow:

+ The distribution patterns observed during the
reconnaissance visual mapping were similar
to those observed during the preliminary
survey (Plate 11). The concentrations of
spent ammunition were generally highest
(greater than 10 percent) in a band along the
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eastern slopes of the sand dunes,
immediately behind the target areas.
Between the firing lines and the targets and
outside the heavily concentrated zone behind
the targets and extending to the tops of the
dunes, concentrations of spent ammunition
decreased to 1 to 10 percent. In areas
between the ranges and from the tops of the
dunes to the shoreline, concentrations of
spent ammunition decreased to less than

1 percent.

» The weight percents (of spent ammunition)
obtained from the confirmation sampling
locations correlated well with the visual
estimates (Table 3)

»  After the geophysical survey in the three
study areas, the Geonics Model EM38 data
were evaluated to assess correlation with
bullet concentrations estimated by visual
methods. The data did not correlate well
with the visual estimates; the EM38
measurements appear to have been adversely
affected by soil moisture variations across the
site. Therefore, the EM38 data could not be
used to map the concentrations of spent
ammunition in the upper 1 to 3 feet.

* The Whites Model 5500/D metal detector
measures the relative response from surface
and buried metal (up to a depth of 6 inches)
only for a localized area immediately beneath
the instrument (i.e., it cannot provide
information about concentrations of bullets
in adjacent areas). The technique was
successful in both vegetated and unvegetated
areas. Data from visual observations
indicated that the interpretation of the
5500/D data is limited; therefore, the 5500/D
data were used only to guide the assessment
of whether bullet concentrations in the upper
6 inches were less than or more than
approximately 5 percent by weight.

* The detailed mapping of Study Areas 1 and 2
{(Plates 12 and 13) confirmed the results of
the visual reconnaissance mapping. The
highest surface concentrations of spent
ammunition were in bands along contours of
relatively equal elevation on the dunes
directly behind the target areas, indicating
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that the spent ammunition passed through or
by the targets and collected on the eastern
sides of the dune faces. Moderate
concentrations of spent ammunition (1 to

10 percent) surround the high concentration
areas. Low concentrations (less than

1 percent) of spent ammunition are found
between the firing lines and the targets and
adjacent the moderate zones.

* The detailed mapping of the Control Area
indicated that spent ammunition was absent
from the surface, with the exception of a few
isolated areas where bullets were
encountered at a surface concentration of less
than 1 percent (Plate 13)

* Mapping of the blowouts indicated that many
are truncated on the western side by steep
cliffs. The-highest concentrations of spent
ammunition are generally found in the lower
(western) third of the blowouts, above the
cliff faces that extend to the beach (Table 4;
Plate 11). The bullet concentrations decrease
along the cliff faces toward the beach and
also to the east, toward the tongue of the
blowouts. The bullets appear to be eroding
out of the surrounding dunes into the
blowouts (troughs between dunes).
Subsequently, the effects of gravity and
landward migration of sand from westerly
winds result in concentration of spent
ammunition in the western portion of the
blowouts (i.e., in the trough below the dunes
from which they eroded).

* Spent ammunition was not observed in the
five test pits excavated at the base of the
blowouts

* Spent ammunition was not observed in the
five surf zone test pits.

4.1.3 Composition of Spent
Ammunition

The types of ammunition potentially used at the
trainfire ranges were identified by interviewing
Fort Ord personnel and reviewing available
records, including the Fort Ord Range/Training
Area Operating Procedures and Usage Guide
(Army, 1991b). The following types of small
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arms ammunition were authorized for use at

Site 3: 5.56 millimeters (mm), 38- and 45-caliber
pistol, 7.62 mm, 7.62 machine gun (MG), and

12 gauge (Army, 1991b). After the types of
ammunition used were identified, representative
samples of the different types of spent
ammunition were collected from the Site 3 study
areas during the visual mapping. Additionally,
an encrusted bullet sample and a sand sample
from nearby Marina State Beach were collected
to evaluate the composition. of the cemented sand
and the clean sand, respectively. The 11 samples
were submitted under chain of custody to
Northern California Analytical Laboratory,
Moraga, California, for elemental composition
analyses using x-ray fluorescence (XRF). The

. XRF analytical technique measures the

composition of the exposed exterior and
near-surface portion of the sample; it does not
provide information regarding the interior
composition. To confirm the results of the XRF
analyses and provide information about the bulk
samples, the same XRF samples were submitted
under chain of custody to Enseco, Incorporated
(Enseco), West Sacramento, California for
digestion and subsequent analysis for priority
pollutant and other metals. Enseco is a
state-certified laboratory.

The results of the XRF analysis of bullets
fragments and sand are presented in Table 5 and
Appendix A, and the results of digestion analysis
are in Table 6. The characteristics of the spent
ammunition at Site 3 follow:

* In general, the XRF results indicated that the
bullet fragments were composed primarily of
copper, lead, iron, zinc, and antimony
(Table 5). Other elements were detected in
lesser amounts (in the range of 100 parts per
million).

* The exterior of the encrusted bullet sample
was composed primarily of iron. Other
elements (e.g., aluminum, silicon) were
detected at concentrations less than that of
iron but generally greater than the
concentrations in the bullet fragments.
Apparently, weathering of the bullets
resulted in an iron oxide substrate that acts
as a concentrating medium for other metals

Harding Lawson Associates Site 3
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dissolved out of the sand by infiltrating
saltwater and rainwater.

» The sand sample was composed primarily of
silicon, calcium, aluminum, and sodium

* In general, the results of the digestion
analyses confirm the results of the XRF
analyses (Table 6). Copper, lead, zinc,
antimony, and iron were the more prevalent
metals detected in the bullet samples.

4.2 Soll Investigation

4.2.1 Sampling Program

Between November 30 and December 9, 1993, ten
test pits were excavated by hand in each of Study
Areas 1 and 2; three soil samples were collected
from each test pit. The test pit locations in each
of the two study areas were selected after
completion of the visual mapping as follows:

* Four test pits in areas where surface
concentrations of spent ammunition exceeded
10 percent

* Three test pits in areas where surface
concentrations of spent ammunition were 1
to 10 percent

+ Two test pits in areas where surface
concentrations of spent ammunition were less
than 1 percent

* One test pit in an area where spent
ammunition was not identified at the surface.

In addition, three test pits were excavated in the
Control Area and three soil samples were
collected from each test pit. The test pits in the
Control Area were located within the dune area
(two test pits) and on the beach (one test pit).
Twenty-three test pits were excavated during this
phase of the investigation.

In each test pit, soil samples were collected from
the surface, from the encrusted bullet layer, and
from 2 feet below the base of the encrusted bullet
layer (69 samples). Where no encrusted bullet
layer was encountered, samples were collected
from the surface and at approximate depths of
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0.5 feet and 2.5 feet. Soil samples were collected
using a plastic shovel; sufficient material was
collected to fill a 5-gallon plastic bucket. The
bucket was weighed before and after sample
collection to obtain the total mass of each
sample. A No. 8 sieve was used to separate the
spent ammunition and other fragments from the
sand. To confirm the visual estimates at each
sampling interval, the metal fragment fraction
was weighed to calculate its weight percentage
(Table 7). A portion of the sand fraction was
then placed in laboratory-supplied, clean glass
sample jars for chemical analysis.

In addition to the 69 sieved samples, unsieved
samples for leachate analyses were collected from
two of the test pits in each of Study Areas 1 and
2 and from one of the test pits in the Control
Area. In each of the two study areas, the two
test pits were those that had the highest surface
concentration of spent ammunition (based on
visual estimates); the test pit in the Control Area
was from the dune area (8-31). Three samples
were collected from each of the five test pits

(15 samples total) for leachate analysis. Each
sample was collected using a plastic shovel to fill
a gallon-size plastic bag; the samples were
collected at sampling intervals that corresponded
to the soil sampling intervals (surface, encrusted
bullet layer, and 2 feet below the encrusted
bullet layer). A separate surface sample from
each test pit (23 samples) was collected similarly
for physical testing. The soil samples for
chemical and physical analysis were handled in
accordance with the procedures specified in the
Sampling and Analysis Plan (SAP) for Fort Ord
(HLA, 1991b).
4.2.2 Chemical and Physical
Analyses

The sieved and unsieved soil samples collected
from the test pits were submitted under chain of
custody to Enseco for analyses. The separate
surface samples were submitted under chain of
custody to Solea Laboratory, Concord, California,
for analysis of particle size.

Based on the results of the XRF analyses, the
most prevalent and toxic metals detected in the
spent ammunition were selected as "indicator"
chemicals. The 69 sieved soil samples from the
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test pits were analyzed for copper, lead, iron,
zine, antimony, tin, total chromium, and
hexavalent chromium using the EPA Test
Methods shown in Table 8. All 69 soil samples
were also analyzed for cation exchange capacity
(CEC), total organic carbon (TOC), and pH using
the EPA Test Methods shown in Table 8.

The Waste Extraction Test (WET), the Toxicity
Characterization Leaching Potential (TCLP) test,
and ASTM D4793-88 test methods were reviewed
1o evaluate which method would be most
appropriate for performing leaching tests at

Site 3. All three test methods are designed to
evaluate waste leaches and are not specifically
intended to approximate field conditions. ASTM
D4793-88 was selected because it allows for
selection of the leach liquid and thus would be
more representative of actual field conditions at
the site. This method was proposed in the Draft
Final Work Plan, Site 3 (HLA, 1993f) and
subsequently approved by the regulatory
agencies. Synthetic rainwater and synthetic
seawater were selected for use as the leach fluids
to approximate actual field conditions where
rainwater and saltwater spray might infiltrate
into sand containing spent ammunition. A copy
of the test method is presented in Appendix E.

The fifteen unsieved samples were submitted to
Enseco to be analyzed for leachable metals using
the ASTM D4793-88 leaching procedure. Each
soil sample was split into four equal fractions by
the analytical laboratory. Two fractions were
sieved with a No. 8 sieve, and two fractions were
not sieved. One set of samples, consisting of
one sieved fraction and one unsieved fraction,
was leached using synthetic rainwater with a pH
of 5.6. The second set of samples was leached
using synthetic saliwater with a pH of 8.2. The
leachate was analyzed for the same list of metals
as were the soil samples (with the exception of
hexavalent chromium) using the EPA Test

- Methods shown in Table 8.

The Site 3 Work Plan called for the soil samples
to be analyzed for Eh. However, Eh is a
measurement of electron activity in water and no
EPA approved laboratory analytical method exists
for Eh in soil; therefore, Eh was omitted from the
analyte list. Additionally, the leachate test
method called for the analysis of 10 leaches from

Volume Il
A33690-H
November 18, 1994

each sample. Because of cost and practical
constraints, only the first leach was analyzed. In
general, most of the metals are extracted during
the first leaching procedure. Analysis of the first
leach was, therefore, considered to represent a
worst case scenario and was considered
appropriate for Site 3.

4.2.3 Soll Sample Results

The analytical results for soil samples from the
Site 3 study and control areas are summarized
here and in Tables 9 and 10. A table of the
laboratory analytical results is included as
Appendix B. Sample depths reported in
Appendix B are an average of the total sampling
interval. Thus, if the sample interval was 0.5 to
1.0 foot, the depth is reported as 0.75 foot.
Particle size analyses are presented in
Appendix C.

Soil samples were analyzed from ten test pits in
each of the two study areas, and three test pits in
the Control Area. Results of the test pit sampling
are discussed below.

The analytical results for metals were initially
evaluated by comparing the data to maximum
background values developed as part of the Draft
Final Basewide Background Soil Investigation,
dated March 15, 1993. Tables 9 and 10 present
summaries of the analytical results for the Site 3
soil samples, along with the range of background
concentrations, where available. Plates 12

and 13 present concentrations for those metals
detected at concentrations greater than each
metal's maximum background value. Where
detected concentrations are below maximum
background values, no data are posted on the
plates. No background data from the basewide
investigation are available for iron and tin;
therefore, concentrations above the detection
limit are posted for these metals. Iron, copper,
tin, antimony, chromium, lead, and zinc were
detected in various soil samples from Study
Areas 1 and 2, Hexavalent chromium was not
detected in any of the soil samples. Iron was
detected in every Site 3 soil sample including
those collected in the Control Area.

Background concentrations of lead ranged from
0.52 to 51.8 mg/kg for surface samples (collected
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at depths of less than 2 feet), and background
concentrations of lead in borehole samples

(collected at depths of 10 feet or greater) ranged

from 0.68 to 17.4 mg/kg. Soil data at Site 3 will .
be compared to maximum background

concentrations of surface samples because the

majority of the samples collected at Site 3 were

from near the surface or from shallow soils of

depths less than 5 feet.

Lead in soil at Site 3 ranged from 11 to

47,500 mg/kg. Most of the samples that

contained lead concentrations greater than the
maximum background concentration were above .
2.0 feet deep. Only three samples collected
below 2 feet contained concentrations above the
maximum background value of 51.8 mg/kg: the
2.75-foot sample from Test Pit U-06 in Area 1
and samples collected from 2.25 and 6.25 feet
from Test Pit M-02 in Study Area 2. Each of .
these three samples were collected within 2.5 feet

of an encrusted bullet layer.

The only concentrations of zinc, copper, .
chromium, and antimony detected above

maximum background were also from the 2.25

foot sample from Test Pit M-02 and the 2.75 foot

sample from Test Pit U-06. Only copper was

detected above maximum background in the 6.25

foot sample from Test Pit M-02. .

Although iron was detected in every soil sample

from Site 3, it is not included as an indicator

chemical because it is an essential nutrient, it

has a much lower toxicity than lead, and it is

also present in samples collected in the Control

Area. Because concentrations of metals detected

above background are collocated with lead, the

focus of the discussion of results at the site is

lead. Lead is the most prevalent and the most .

toxic metal detected at the site and represents the

greatest potential risk to human health and the

environment. For the purposes of the discussion

presented herein, lead concentrations are

compared to the maximum background

concentration for lead; 51.8 mg/kg.

4.2.3.1 Vertical Distribution

* Based on visual observations and
confirmation sampling, concentrations of
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4.2.3.2

Harding Lawson Associates

spent ammunition are generally highest at
the surface (Table 7)

Where surface concentrations are high
(generally above 10 percent), as indicated
both by visual estimates and confirmation
sampling, an encrusted bullet layer is usually
found at an approximate depth of 0.5 foot
beneath the surface, with concentrations of
spent ammunition dropping to 0 percent
within a foot or so beneath the encrusted
layer

Where surface concentrations are low, no
bullets are generally found beneath the
surface.

Lead Concentrations

Of those metals detected above maximum
background, lead was generally detected at
the highest concentrations

Lead was detected at concentrations ranging
from 11.0 to 46,300 mg/kg (Plates 14 and 15)
during the RI. One sample collected during
the Ecological Risk Assessment contained a
concentration of 47,500 mg/kg lead.

Concentrations of lead above 51.8 mg/kg were
generally limited to depths of approximately
2 feet or less. One exception was at Test Pit
M-02 at Study Area 1, where the encrusted
bullet layer extended from depths of
approximately 0.5 foot to 4 feet; a lead
concentration of 5,390 mg/kg was detected at
a depth of 2.25 feet but decreased to 164
mg/kg at 6.25 feet,

In both study areas, concentrations of lead
above 51.8 mg/kg were generally limited to
areas where surface concentrations of spent
ammunition exceeded 10 percent (Plates 14
and 15). Concentrations of lead above

51.8 mg/kg were also detected in surface
samples collected from four test pits where
there was moderate (i.e., 3 to 4 percent)
surface spent ammunition coverage (Test
Pits X-2 in Study Area 1 and M-38, $-38 and
G-37 in Study Area 2, Plates 14 and 15).
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*  Where lead was detected at concentrations
below that of metals other than iron
(e.g., copper and antimony in samples
collected from Test Pit Location 0-9 in Study
Area 1), the distribution patterns for these
other metals were similar to that for lead

+ Concentrations of lead decrease with depth,
corresponding to the observed vertical
distribution of spent ammunition.

4.2.3.3 Other Analytical Results

* The pH of soil samples collected from the

Study and Control areas ranged from 5.1 to
8.3

* TOC concentrations ranged from 229 mg/kg
to 4,600 mg/kg; except for a concentration of
14,800 mg/kg detected at 0.12 feet in Test
Pit E-35

» Particle size analyses of surface samples
indicate that soil types are silty sand (SM) to
sand (SP) (Appendix C)

* CECs ranged from 2.0 to 40.3 milliequivalents
per 100 grams (meqg/100 g). CEC represents
the capacity of a soil to attract and
accumulate cations. The reported CECs are
within the range expected for sand to silty
sand (Dragun, 1988), and indicate that the
amount of clay particles in the samples is
low.

4.2.3.4 Leachate Analytical Results

Leachate analyses indicated that rainwater had a

greater ability to leach metals from the soil and

spent ammunition than did saltwater (rainwater
has a lower pH than saltwater). Concentrations
of metals leached using rainwater were generally
higher than those leached with saltwater for both
sieved and unsieved surface samples containing
high concentrations of lead (Table 11;
Appendix B).

Lead concentrations in leachate samples ranged
from ND to 76.6 mg/l.. The highest
concentrations were in the 0.33 foot sample from
Test Pit E-35; 76.6 mg/L. from the unsieved
rainwater leach and 23 mg/L from the sieved
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rainwater leach. Concentrations of lead in the
leachate were significantly less than 1 percent of
the corresponding total concentration of lead in
soil.

As with the distribution of spent ammunition

and concentrations of lead in soil samples, the
concentrations of lead in the leachate samples
decrease by orders of magnitude with depth.

4.3 Alr Quality Investigation

4.3.1 Sampling Program

The objective of the air quality investigation was
to assess the presence and concentrations of site-
related metals entrained in the air. Ambient air
samples were collected in Study Area 1 between
October 19 and November 6, 1993. High-volume
air samplers were placed at three locations
expected to be downwind of target areas. Winds
in the area generally blow from the
west/northwest. The three monitoring stations
were placed in a north-south line on the east side
of Study Area 1 and a meteorological station was
set up nearby to continuously record wind speed
and direction, barometric pressure, and air
temperature during the sampling effort. At each
monitoring station, particulate matter was
collected on glass-fiber filters for approximately 8
to 24 hours for each 24-hour monitoring period.
Samples collected for less than 24 hours were
targeted to represent the most prevalent onshore
wind for the 24-hour period. Twenty-eight
samples from the three stations and one field
blank were retrieved and transported to Enseco
for analysis. Total particulate matter was
calculated for each sample by weighing the
laboratory-conditioned samples. For each
24-hour period, the filter with the highest
particulate load was analyzed for selected metals
using EPA Test Method 6010 (a total of

10 samples). The metals were lead, zinc, copper,
and antimony, which were the most toxic metals
detected at the highest concentrations in the soil
samples (Section 4.2.3).

The air sampling activities were performed in
accordance with the Site 3 Work Plan, except
that samples were collected in the fall rather
than the summer. Additionally, no samples were
collected from Study Area 2 and the Control
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Area, and a portion of the samples collected from
Study Area 1 were not collected continuously for
24 hours. These deviations were the result of the
inconsistent direction of winds during the
sampling period in October and November.
Samples collected for less than 24 hours appear
to represent the most prevalent onshore
(westerly) wind during the 24-hour period.

4.3.2 Air Sample Results and
Discussion

The analytical results for air samples from Site 3
are summarized below and in Table 12. These
results were used qualitatively to aid in the
Human Health Risk Assessment presented in
Volume III of this report.

* The meteorological station data indicated that
wind speed and direction were highly
variable throughout the sampling intervals.
Therefore, the analytical data were not
suitable to quantitatively evaluate airborne
metals concentrations derived only from the
site, as they would have if the winds had
consistently blown from the west. The
variable wind direction increases the
potential contribution from other sources in
the vicinity, including vehicles on
Highway 1.

» Ten samples were analyzed for lead, zinc,
copper, and antimony. The data were used
qualitatively in the risk assessment.

* Lead, copper, and antimony were detected at
maximum concentrations of 0.01, 0.06, and
0.002 micrograms per cubic meter (ug/m®),
respectively. The national ambient air
quality standard for lead set by the EPA is
1.5 ug/m® (EPA, 1991]).

* Zinc was not detected in any of the samples.
4.4 Data Quality Assessment
The analytical data at Site 3 were reviewed to
assess whether the data were acceptable
considering the data quality objectives (DQOs) of
the Site 3 investigation that follow:

* (Collect chemical data for soil
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*  Collect physical soil data so that fate and
transport properties of site soils can be
assessed

* Refine the list of contaminants at the site

*  Assess whether a release of potential
contaminants has occured at the site

+  Assess the horizontal and vertical extent of
the contaminants in soil at the site

¢ Collect soil data for site-specific Tisk
assessment. (The Human Health Risk
Assessment for Site 3 is presented in
Volume III of this report.)

* Collect data consistent with the precision,
accuracy, representativeness, completeness,
and comparability requirements provided in
the SAP.

These DQOs were met for Site 3, and analytical
results were validated according to procedures
specified in the Fort Ord QAPP (HLA, 1991b

Part 2), Revisions to the QAPP (HLA, 1992k}, and
Part 2 of the Draft Site Characterization Report,
Site 34, Fritzsche Army Airfield Fueling Facility,
dated June 12, 1992. The quality of the data was
evaluated by comparison to a set of quality
control criteria, including precision, accuracy,
and completeness. The quality assurance/quality
control (QA/AC) samples used to assess data
quality included laboratory duplicate samples;
matrix spike/matrix spike duplicates (MS/MSD),
blank spike/blank spike duplicates (BS/BSD, also
known as laboratory control samples [LCS]); and
method blanks. Field duplicates and blanks were
not collected during the Site 3 RI. This is
discussed in detail in the Introduction to
Volume II, Section 2.0 of this report. Holding
times and laboratory surrogate spike recoveries
were also evaluated. In addition to the routine
assessment of precision, accuracy, and
completeness, detailed validation, involving
review of instrument calibration procedures,
calculations, and laboratory data records, was
conducted using one sample delivery group
(SDG). The results of data validation performed
on samples from Site 3, including an evaluation
of precision and accuracy, are described in
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Appendix D. Table 13 presents laboratory and
Project qualifiers assigned during data validation.

Results of the data validation indicate that the
data are useable when the data quality objectives
of the project are considered. The completeness
goal of 80 percent was met for all test methods
except pH. All samples were analyzed for pH
beyond the 24-hour holding time and, therefore,
all results were qualified as estimated. Although
some results have been qualified, the majority of
the qualifiers do not significantly impact the
intended use of the data. The following
summarizes the identified QC exceedances:

* In 168 sample analyses, results for antimony,
copper, iron, lead, and tin were qualified as
estimated due to high recoveries for blank
spikes or matrix spikes. A high spike
recovery can result from either a sample
matrix effect or a measurement bias in the
analytical system. This could result in the
overestimation of the amount of these metals
in the associated samples, which would add
to the conservativeness of the contamination
assessment.

* Thirty-four analytical results for antimony,
iron, and zinc were qualified as estimated
due to low blank spike or matrix spike
recoveries. All of the spike recoveries were
above 45 percent. This could result in an
underestimation of actual concentrations;
including reporting of false negatives.
However, for these metals, the laboratory
instrument detection limits are at least
one-third of the reporting limit for these
metals. Therefore, because the laboratory can
detect these metals well below their
respective reporting limits, it is unlikely that
false negatives were reported. In addition,
these metals are generally co-located with
lead, which is the primary chemical of
concern.

* In 118 sample analyses, results for antimony,
chromium, iron, lead, and tin were qualified
as estimated because laboratory duplicate
precision criteria were not met. Duplicate
precision criteria are a measure of the
stability of the analytical system. They do
not indicate that instrument sensitivity is
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affected, and the potential for false negatives
or false positives is very low.

Twenty sample analytical results for zinc
were qualified as estimated because the serial
dilution criterion for inductively coupled
plasma (ICP) was not met. Serial dilution
outside control limits indicates a sample
matrix effect that varies as the sample is
diluted. This does not indicate that
instrument sensitivity is affected, and the
potential for false negatives or false positives
is very low because samples containing low
concentrations would not be significantly
diluted.

Twenty sample analytical results for
antimony and chromium were qualified due
to matrix spike recoveries below 30 percent.
Of these, nine results for antimony were "Not
Detected” (ND) and qualified as rejected. The
remaining sample results were detected and
were qualified as estimated. When the spike
recovery is below 30 percent, the potential
for reporting false negatives is significant.
Antimony and chromium are generally
co-located with lead, which is the primary
contaminant.

Four SDGs had hexavalent chromium (CrVI)
matrix spike recoveries below the control
limit; three of the spike recoveries were
below 30 percent. Matrix spike samples were
reanalyzed and similar recoveries were
obtained. BS/BSD data indicate that the
method was in control. MS data indicate
that the method, as applied to the
site-specific sample matrix, produces
unreliable results. CrVI analysis is unique
with respect to the stability of the analyte in
the matrix; under most field and laboratory
analytical conditions, CrVI in soil will be
rapidly reduced to trivalent chromium (CrlIII),
thus rendering the CrVI matrix spike data
inconclusive. A U.S. Department of Health
and Human Services toxicological profile for
chromium (Carey and Saleh, et al.) notes "the
reduction of CrVI to Crlll is possible in
aerobic soils that contain appropriate organic
energy sources to carry out the redox
reaction. The reduction of CrVI to Crlll is
facilitated by low pH." (ATSDR, 1993q).
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Data validation guidelines and data
qualification protocol do not provide for an
appropriate mechanism to address CrVI data
quality under these unique circumstances.
Therefore, the N2 (Not Qualified) code has
been applied to the CrVI results. HLA
believes that the CrVI data is usable even
when associated with poor QC results,
because matrix spike data indicate that soil
conditions at the site do not favor the
formation or stability of CrVL This belief is
supported by work performed by Rai, Eary,
and Zachara, who noted that "commonly
occurring reductants, such as ferrous iron
and organic material, can transform Cr(VI) to
Cr(IN)." (Rai et al., 1989).
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5.0 SUMMARY OF THE RI AT SITE 3

This section summarizes the results of RI field
activities at Site 3.

5.1 Source Characterization

Copper, lead, iron, zinc, and antimony are the
primary components of spent ammunition at the
site. Lead is the main contaminant because its
concentrations in soil samples are among the
highest and it has a high toxicity. Where other
metals were detected at higher concentrations
(e.g., copper and antimony in Test Pit O-9 in
Study Area 1 at 0.13 foot), their distribution
patterns were similar to that of lead in other test
pits. Although iron was detected most often and
at the highest concentrations, it was not
considered to be a contaminant because it was
detected in all soil samples (including those
collected from the Control Area), it is an essential
nutrient, and it has a much lower toxicity than
does lead.

5.1.1 Spent Ammunition

The distribution and composition of spent
ammunition was investigated; the results are
described below:

*  Spent Amnmunition Distribution: The most
effective way to evaluate the distribution of

spent ammunition (i-e., the source of the
contamination) at the site was visual
mapping. Geophysical methods were
unreliable because of soil moisture variations
across the site. Although the metal detector
could be used to qualitatively evaluate the
presence of high concentrations (greater than
approximately 5 percent) of spent
ammunition, its effectiveness was limited to
the upper 6 inches of soil.

The concentration of spent ammunition is
generally highest (greater than 10 percent) in a
band along the sand dunes immediately behind
the targets. Between the firing lines and the
targets and flanking the heavy concentrations of
bullets, extending to the tops of the dunes, the
concentration of spent ammunition is moderate
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(1 to 10 percent). Between ranges and from the
tops of the dunes to the shoreline (with the
exception of blowout areas) the concentrations of
spent ammunition exceed 10 percent, an
encrusted bullet layer is found at an approximate
depth of 0.5 foot and extends to depths between
1.0 to 2.0 feet, except in Test Pit M-2 in

Study Area. Generally, no bullets are found
beneath the encrusted layer. Where surface
concentrations of spent ammunition are low, no
bullets were encountered beneath the surface. In
each blowout, the distribution of spent
ammunition is highest in the western portion of
the blowout, directly above the shoreline cliff
that rises above the beach; the concentration in
the blowouts decreases both landward (eastward)
and down the cliff face. No bullets were
detected in test pits at the base of the blowouts
or in the surf zone.

* Spent Arnmunition Characteristics: The
results of the XRF analyses and digestion of

the bullet samples. Spent ammunition at the
site is composed primarily of copper, lead,
iron, zinc, and antimony.

5.2 Soil Contamination Investigation

Analytical results from soil samples collected
during the RI indicated that antimony, copper,
chromium, lead, and zinc were present above
their background concentrations. Iron and tin
were also detected in the soil samples;
background data are not available for these two
metals. Iron, however, was present at similar
concentrations in most areas sampled, including
the Control Area, and is thought to be present at
site-specific background levels. Hexavalent
chromium was not detected in any of the soil
samples.

Of the detected metals, lead is considered the
primary contaminant based on its concentration,
frequency of detection, and toxicity. Copper,
zinc, and antimony detected above maximum
background values were collocated with lead.

Site 3
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5.0 Summary of the RI at Site 3

The highest concentrations of lead in soil were
detected where surface concentrations of spent
ammunition were greater than 10 percent (shown
in red on Plates 14 and 15); in these areas, the
lead concentrations in sieved surface soil samples
ranged from 457 mg/kg at Test Pit O-9 in Study
Area 1 to 46,300 mg/kg at Test Pit I-35 in Study
Area 2. One sample collected in Study Area 1
during the Ecological Risk Assessment contained
47,500 mg/kg lead, the highest concentration
detected.

An encrusted bullet layer was observed beneath
the surface (0 to 0.25 foot deep) and extended to
depths of approximately 1 to 2 feet bgs in most
areas where the surface concentration of bullets
was greater than 10 percent and in some areas
where surface concentrations were 1 to

10 percent.

Lead concentrations were compared to a
screening concentration of 51.8 mg/kg, which is
the maximum background concentration for lead.
Concentrations of lead above 51.8 mg/kg were
limited to depths of 2 feet or less, with 3
exceptions: Test Pit U-06 at 2.75 feet and in
Test Pit M-02 at 2.25 and 6.25 feet. These
samples were collected within 2.5 feet on an
encrusted bullet layer. Lead concentrations
decrease by orders of magnitude with depth
corresponding to the vertical distribution of spent
ammunition. .

Other analyses indicated that the surface soils
consist of silty sand to sand, with a pH range of
5.1 to 8.3, and that TOC and CECs concentrations
are low.

5.3 Air Sampling Investigation

Because of highly variable wind conditions,
quantitative assessment of airborne contaminants
originating only from Site 3 was not possible.
Winds from directions other than the west have
the potential of carrying contaminants from other
areas (e.g., lead in soil near roadways such as
Highway 1). The air sampling data collected
from Study Area 1, therefore, were used
qualitatively in the Baseline Human Health Risk
Assessment (Volume I of this report). The
results of the air sampling at Study Area 1
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showed detected concentrations of lead,
antimony, and copper.

5.4 Leachate Analysis

Leachate analysis indicated that rainwater had a
greater ability to leach metals from the soil and
spent ammunition than did saltwater (rainwater
has a lower pH than saltwater). Leachate
concentrations decreased with depth
corresponding to decreasing lead concentrations
in soil and were significantly less than 1 percent
of the total concentration of lead in soil.

Site 3

Harding Lawson Associates
. 22



6.0 CONCLUSIONS OF THE RI AT SITE 3

This section summarizes the conclusions of the
RI at Site 3, including the source and extent of
potential contamination in the soil, effects on air
quality, and effects on groundwater quality. The
potential effects on human and ecological
resources are discussed in Volumes III and IV of
this report. The recommended remedial actions
are discussed in Volume V of this report.

6.1 Source and Extent of Soil
Contamination

Based on the data collected during the RI, the
source of metals contamination in soil at Site 3
appears to be spent ammunition. Because the
results from both study areas were similar (i.e.,
no relation to age or usage of the ranges) and
because visual mapping was the most effective
way to estimate spent ammunition distribution
across the site, results of the quantitative
sampling in the study areas were applied at the
remainder of Site 3.

Therefore, Plates 14 and 15, which show the
distribution of spent ammunition, also show the
relative horizontal distribution of lead in soil.
Based on the investigations of the two study
areas and extrapolation of these results to the
remainder of Site 3, the horizontal extent of
contamination at Site 3 has been adequately
defined. The vertical distribution of lead in soil
is defined by the presence of an encrusted bullet
layer, the base of which extends to a depth of
approximately 2.0 feet in most areas where
concentrations of spent ammunition are greater
than 10 percent. This layer extends to 4.0 feet in
the vicinity of Test Pit M-02. The data appear to
indicate that concentrations of lead are below or
approaching maximum background
concentrations within 2.5 feet of this encrusted
layer. Sufficient data have been collected for the
Human Health Risk Assessment, Ecological Risk
Assessment and Feasibility Study.

Velume Il
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6.2 Fate and Transport of
Contaminants at Site 3

Based on the results of the RI, the primary
contaminants at Site 3 are lead, iron, zinc,
antimony, and copper. These metals are
components of the spent ammunition found at
the surface and in the subsurface and are
detected in the associated soil at concentrations
above maximum background. Potential transport
media for these metals are air, surface water
(runoff), unsaturated zone soil, and groundwater.
The following sections discuss the initial
pathways that were identified (Section 6:2.1), the
physical and chemical characteristics of the
metals that control their mobility and persistence
(i.e. fate) in the environment (Section 6.2.2), and
the migration (i.e. transport) pathways that
appear to be viable at Site 3 based on data
collected during the RI (Section 6.2.3).

6.2.1 Pathway Identification

Prior to collecting data for the RI, a conceptual
model was developed to identify potential
exposure pathways and migration mechanisms
for the anticipated contaminants. Pathways by
which humans or biota would be exposed
(exposure pathways) are described in Section 3.0
and were evaluated during the Human Health
and Ecological Risk Assessments presented as
Volumes III and IV, respectively, of this RI/FS
report. Potential chemical migration mechanisms
at Site 3 were discussed in Section 3.3 and
formed the basis for the field activities conducted
during the RI. Based on the configuration of the
site, the local conditions (e.g., topography, wind
speed and direction), and the assumed
contaminant source (i.e., the spent ammunition),
the following migration mechanisms were
identified:

* Migration of spent ammunition to the suf
zone through erosion

* Leaching or mechanical erosion (weathering)
of metals from the spent ammunition to the
unsaturated soil

Harding Lawson Assoclates Site 3
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6.0 Conclusions of the RI at Site 3

* Leaching of metals through the soil to
groundwater

* Migration of dissolved metals within and
between aquifers

* Discharge of groundwater containing metals
to Monterey Bay

* Entrainment in air of metals adsorbed to dust
particles

* Bioaccumulation of chemicals by organisms,
and migration to other ecological receptors
via the food web.

6.2.2 Mobility and Persistence of

Metals

Weathering of spent ammunition has leached
lead, irom, copper, zinc, and antimony into the
soil at Site 3. The mobility and persistence of
these metals in the environment are influenced
by the amount, form, and oxidation state of the
metal and by the composition and
physiochemical properties of the soil. The
amount of metal is determined by an area's
location relative to a target area and backstop;
densities of spent ammunition are shown on
Plates 11, 12, and 13. Because the contaminant
source is the spent ammunition, these metals
appear to be present in their elemental form or as
oxides. Soil properties that may affect the fate
and transport of these metals include: bulk
density, surface area, particle size distribution,
pH, oxidation/reduction potential, cation
exchange capacity (CEC), salinity, and type and
concentration of organic matter, clay minerals,
and oxides. A more detailed discussion of how
each of these properties affects fate and transport
is presented in the Introduction to Volume II,
Section 3.0. Particle size distribution, CEC, pH,
and total organic carbon (TOC) data were
collected during the RI to assist in evaluation of
metal retention and release processes in soil at
Site 3.

Lead, Copper, and Zinc

Lead, copper, and zinc generally behave similarly
in terms of their persistence in soil. Because lead
is the most toxic of these three metals, and
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because the highest concentrations of copper and
zinc are collocated with elevated concentrations
of lead at Site 3, mobility and persistence of
these metals will be discussed in terms of lead.

Particle size distribution data indicate that soil at
the site is primarily silty sand to sand and the
CEC ranged from 2.0 to 40.3 milliequivalents per
100 grams. Although the soil contains very little
clay, the CEC values are within a range that
would favor retention of lead. TOC
concentrations ranged from 229 mg/kg to

4,600 mg/kg, with one sample containing a
concentration of 14, 800 mg/kg. The pH of the
soil samples collected ranged from 5.1 to 8.3.
TOC and pH data are within a range that would
also favor retention of lead. Particle size
distribution, CEC, TOC, and pH are interrelated
In governing contaminant persistence. These site
specific data were used in a qualitative
assessment of the persistence of lead in soil as
discussed below.

Lead leached from a source (i.e., spent
ammunition) reacts with clays, phosphates,
sulfates, carbonates, hydroxides, and organic
matter in soil, and greatly reduces the solubility
and, hence, the mobility of lead. Soil pH greatly
affects the retention of lead in soil.

Generally, soil with a pH of 6.0 or greater will
cause lead to adhere to the soil or form lead
compounds. Lead has a strong affinity for
forming carbonate and oxide compounds, which
also increases retention of lead, thus reducing its
mobility. The presence of iron in an oxidizing
state could cause the formation of lead oxide
compounds, which are also highly insoluble.
This is evident at Site 3. The encrusted bullet
layer correlates with the highest concentrations
of lead and appears to be acting as an iron oxide
substrate, concentrating the lead and other
metals.

Antimony

Very limited data are available regarding the
behavior of antimony in soil; however, antimony
is expected to exhibit behavior similar to arsenic
because of their similar chemical properties.
Based on the behavior of arsenic, antimony
would have increasing solubility in soils with a
pH of 7 or greater. As with arsenic, antimony
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6.0 Conclusions of the RI at Site 3

might be expected to form insoluble precipitates
with iron, aluminum, and calcium (Adriang,
1986).

Iron

Iron was detected in all samples collected at
Site 3, including those in the Control Area and,
in addition to being a primary component of
spent ammunition, is also considered to be
naturally occurring. Therefore, its mobility and
persistence in soil will not be discussed.
However, as discussed above, iron is significant
in that it affects the fate of lead in soil. The
presence of iron in an oxidizing state promotes
the formation of lead oxides, thus increasing
adsorption of lead to soil particles and reducing
its mobility.

6.2.3 Pertinent Migration
Pathways at Site 3

Using the data generated during the RI, each of
the potential chemical migration pathways
(Section 6.2.1) was assessed. These evaluations
are discussed below.

Migration of Spent Ammunition to the Surf
Zone

This pathway was evaluated by excavating test
pits in the surf zone (Section 4.1.2). No spent
ammunition was found, and results of soil
samples analyses indicated that metals were not
present above maximum background; therefore,
this pathway is not considered further.

Leaching of Metals from Spent Ammunition to
Soil.

Some leaching of spent ammunition to the soil
has occurred at Site 3, as evidenced by
concentrations higher than background of iron,
lead, copper, zinc, and antimony in soil samples
collected during the RI. There is likely some
contribution to these elevated concentrations
from bullet fragments finer than a #8 sieve.
Once in the soil, these metals (except antimony)
would likely not migrate given the soil's pH
conditions, CEC, TOC, and the presence of an
iron oxide substrate (encrusted bullet layer),
which acts as a concentrating medium in the

Volume II
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upper few feet of soil. This encrusted bullet
layer is present in heavily bulleted areas at
depths of approximately 0.5 to 2.0 feet (extending
to 4.0 feet in Test Pit M-02 in Study Area 1).

The site's soil properties and the vertical
distribution of lead indicate that there has been
only limited vertical migration of lead. Within
2.5 feet of the encrusted bullet layer, lead
concentrations decrease to near maximum
background levels. For example, the highest
concentration of lead detected during RI
sampling was 46,300 mg/kg at 0.08 feet deep,
which decreased to 51.1 mg/kg at 1.75 feet. Only
three samples collected below 2.0 feet deep
contained concentrations of lead above the
maximum background level of 51.8 mg/kg. All

_ three samples were collected within 2.5 feet of an

encrusted bullet layer. The deepest sample
collected at 6.25 feet in Test Pit M-02 contained
a lead concentration of 164 mg/kg. The
distributions of other metals (copper, zinc, and
antimony) detected above maximum background
were similar to that of lead and also indicate
limited leaching of the metals found at or near
the surface.

Leaching of Metals from Soil to Groundwater

The limited mobility of lead in the soil at Site 3
is shown by the order-of-magnitude decrease in
concentration of lead with depth. Data indicate
that lead concentrations decrease to near
maximum background levels within 2.5 feet
below the encrusted bullet layer. As previously
mentioned, other metals present above maximum
background concentrations (zinc, copper, and
antimony) appear to be collocated with lead and
show a similar distributionn. These data indicate
that the metals have not migrated significantly in
the unsaturated zone at Site 3 and, thus, have
not likely migrated to groundwater.

This interpretation is supported by the available
groundwater data (Section 1.4.1). Lead has not
been detected in groundwater samples collected
from Monitoring Well MW-02-10-180. This well
is in an area where groundwater is relatively
shallow (approximately 40 feet bgs) and is within
20 feet of a heavily bulleted dune face. Lead was
also not detected in two wells (MW-02-02-180
and MW-02-08-180) that are downgradient of
heavily bulleted area. These data indicate that

Harding Lawson Associates Site 3
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6.0 Conclusions of the RI at Site 3

migration through the unsaturated zone to
groundwater is not considered a likely pathway
at Site 3.

Because groundwater has not been impacted by
lead, migration of dissolved metals within and
between aquifers and discharge of
lead-contaminated groundwater to Monterey Bay
are not considered to be viable migration
pathways at Site 3.

Entrainment in Air of Metals Adsorbed to Dust
Particles

Air samples were collected and analyzed
(Section 4.3). Because of variable wind patterns,
it was not possible to isolate site-specific effects
from those possibly originating from other
sources (e.g., nearby roadways). Therefore, this
migration pathway remains plausible; the
significance of this pathway is discussed further
in the Human Health Risk Assessment, Volume
11T of this report.

Bioaccumulation of Metals by Organisms, Such
as Plants, and Migration to Other Ecological
Receptors Via the Food Web

Data collected during the RI, and additiona] soil
and plant samples collected as part of the
Ecological Risk Assessment, are discussed in
Section 1.4.4 and are presented in more detail in
Volume IV of this report. The significance of this
pathway is discussed further in Volume IV.

Potentially contaminated surface water runoff
discharged from the storm drain or stormwater
beach outfalls to surface water or soil at Site 3
was evaluated during the Basewide Surface Water
Outfall Investigation (BWSWOI) discussed in
Section 1.4.3 and in the Basewide Outfall
Investigation (BWOFI) in Volume II. No catch
basins are present within Site 3; and because of
the high porosity of the dune sands, a significant
amount of runoff is not anticipated at the site.
Therefore, it is not considered a viable pathway
at Site 3.

6.3 Effects on Air Quality

Lead, copper, and antimony were detected in the
air samples. Because of the variability in wind

Volume I
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direction during the sampling period at Study
Area 1, the analytical chemistry data did not
represent metals concentrations derived only
from Site 3. Therefore, these results were not
used in the risk assessment air pathway
evaluation. Contaminant migration in air was
evaluated using a regional airborne dust
concentration and assuming chemical
concentrations in dust equivalent to chemical
concentrations in soil. This approach results in
conservative estimates of potential particulate
inhalation exposures and is described in detail in
Section 2.2.8 of Volume IIL.

Results of the air pathway evaluation indicated
no concentrations above EPA threshold levels of
concern; therefore, there is little risk of exposure
(to lead and other metals from Site 3) via
inhalation from airborne dust. Mare detailed
information is presented in the Human Health
Risk Assessment, Volume III of this report.

6.4 Potential Groundwater
Contamination

Based on results of the first three tasks of this R,
a groundwater investigation was not considered
necessary. Evaluation of soil sampling data,
leachate data, and data collected as part of other
site investigations indicates that the potential for
groundwater contamination by lead is low for the
following reasons:

* Lead is very persistent in soil, and the pH,
TOC, CEC, and iron data suggest that soil
conditions at Site 3 favor retention of metals.
Analytical results for the soil samples
indicate that metals concentrations, lead in
particular, decrease by orders of magnitude
with depth and correspond to the vertical
distribution of spent ammunition. This
decrease of lead concentrations with depth
indicates that extensive leaching and
migration of lead had not occurred at Site 3.

* Concentrations of lead in soil greater than
maximum background (51.8 mg/kg) were not
detected below depths of 2 feet, except in
Test Pit U-06 (806 mg/kg at 2.75 feet) and
Test Pit M-02 (5,390 mg/kg at 2.25 feet,
which decreased to 164 mg/kg at 6.25 feet
deep); and the concentrations are related to
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6.0 Conclusions of the Rl at Site 3

the presence of an encrusted bullet layer.
This layer formed of iron oxides apparently
acts as a concentrating medium for metals,
further decreasing their mobility.

* Leachate results indicate that lead could be
leached from the soil using rainwater;
however, soil sample results and an
evaluation of fate and transport properties of
lead indicate that extensive leaching of lead
and other metals has not occurred.

Therefore, the results of the leach tests do not
appear representative of actual field
conditions.

* Monitoring Well MW-02-10-180 was installed
in Range 11 as part of the Site 2 RI. The
well is located within 20 feet in a
crossgradient direction of a heavily bulleted
dune face and groundwater data indicate that
gradients in this area are relatively flat.
Because rainwater would infiltrate through
high concentrations of spent ammunition
located on the dune face and because
groundwater is shallowest in this area (given
the topography), this well is considered to
represent a worst case scenario. Lead was
not detected and priority pollutant metals
were not detected above their MCLs in this
well. Lead was also not detected in samples
from Monitoring Wells MW-02-02-180 and
MW-02-08-180, approximately 500 feet
downgradient of a heavily bulleted area in
Range 9. These results also suggest that
groundwater has not been impacted by lead
to date.

6.5 Related Activities at Site 3

Related and future planned activities at Site 3
consist of an Enhanced Preliminary Assessment
of Monterey Bay and the performance of a
feasibility study to evaluate potential remedial
options.

An evaluation of whether historic and/or current
conditions at and around Fort Ord (including
Site 3) have impacted the restricted zone in
Montersy Bay was presented in HLA's Draft
Enhanced Preliminary Assessment of Monterey
Bay, Fort Ord, California October 27, 1994.
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Risk-based target cleanup levels (TCLs) were
calculated for Site 3 and are presented in. the
Baseline Human Health Risk Assessment
(Volume III of this report). A TCL for lead of
1,860 mg/kg for a child and 4,192 mg/kg for an
adult were calculated based on a recreational use
scenario. The TCLs were used to evaluate
potential remedial options and will be used as
remediation goals for proposed future cleanup at
Site 3. As part of remedial activities, a pilot
study will be performed to evaluate the
effectiveness of site remediation. These activities
are described in detail in the Feasibility Study,
Volume V of this report.
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Table 1. Possible Ecological Receptors with Special Status - Site 3
Volume |l - Remedial Investigation, Basewide RI/FS

Fort Ord, California

Status”
Category/Common Name Scientific Name Federal/State/CNPS

Invertebrates

Smith's blue butterfly Euphilotes enoptes smithi FE/--/--
Reptiles

California black legless lizard Anniella pulchra nigra G2/CSC/--
Birds

Western snowy plover Charadrius alexandrinus nivosus FT/CSC/--

Loggerhead shrike Lanius ludovicianus C2/CSC/--

Merlin Falco columbarius --/CSC/--
Plants

Menzies' wallflower Erysimum menziosii ssp. menziesii FE/SE/1B

Sand gilia Gilia tenuiflora ssp. arenaria FE/ST/1B

Robust spineflower Chorizanthe robusta var. robusta FE/--/1B

Monterey spineflower Chorizanthe pungens var. pungens FT/--1B

Seaside bird's-beak Cordylanthus rigidus ssp. littoralis C1/SE/1B

Yadon's piperia Piperia yadonii C1/--/1B

Sandmat manzanita Arctostaphylos pumila C2/--/1B

Monterey ceanothus Ceanothus cuneatus var. rigidus C2/--/4
Volume II Harding Lawson Associates Site 3
A33690-H 10f2
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Table 1. Possible Ecological Receptors with Special Status - Site 3
Volume Il - Remedlal Investigation, Basewlde RI/FS
Fort Ord, California

Status
Gategory/Common Name Scientific Name Federal/State/CNPS
Coast wallflower Erysimum ammophilum C2/--/1B
Kellogg's horkelia Horkelia cuneata ssp. sericea C2/--/1B
Monterey Indian paintbrush Castilleja latifolia --/--/4

CNPS California Native Plant Society

ssp.

var.

* Status:

Federal
FE

FT
C1

C2

State
SE
ST

CsC

Subspecies.
variety

No status

Listed as endangered under the federal Endangered Species Act (16 U.5.C. 1531 et seq.).
Listed as threatened under the federal Endangered Species Act (16 U.5.C. 1531 et seq.).
Category 1 Candidate for listing under the federal Endangered Species Act (16 U.5.C. 1531 et
seq.). Sufficient biological information is available to support a proposal to list taxa as
endangered or threatened.

Category 2 Candidate for listing under the federal Endangered Species Act. Existing
information indicates taxa may warrant listing, but substantial biological information
necessary to support a proposed rule is lacking.

Listed as endangered under the California Endangered Species Act (California Fish and Game
Code Chapter 1.5).

Listed as threatened under the California Endangered Species Act (California Fish and Game
Code Chapter 1.5).

California Species of Special Concern.

California Native Plant Society (CNPS)

1B
4
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Plants considered by CNPS as rare in California and elsewhere.
Plants CNPS considers to have limited distributions--a watch list.

Harding Lawson Associates Site 3
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Table 2. fart Ord Water-Level Data, August 1993 - June 1994
Basewide Groundwater Monitoring Annual Report
Fort Ord, California

Top of Depth Water- Water
Casing to Level in
Elevation Water Elevation Well
Station Name Date (feet) (feet) (feet) (feet) Comments
OU2 LANDFILL
MuW-0UZ-04-A 6/01/94 111.56 64 .45 47.11 20.05
MW-0U2-05(PAT)-A 8/25/93  149.32 98.79 50.53 3.1
12/03/93 149.32 98.73 50.59 31.17
2/16/94  149.32 9B.66 50.66 31.24
6/01/94  149.32 GB.99 50.33 30.91
MW-0UZ-05(PA2)-A 8/25/93  143.86 $3.23 50.63 29.27
12/03/93 143.86 9321 50.65 29.29
2/16/94 143.86 93.15 50.71 29.35
6/01/94  143.86 93.46 50.40 29.04
MW-0U2-05-A 8/25/93  149.05 98.46 50.59 29.24
12/03/93 149.05 98.47 50.58 29.23
2/16/94  149.05 98.34 50.71 29.36
6/01/94  149.05 98.45 50.60 29.25
MW-0U2-06-180 8/25/93 154,10 167.18 (13.08) 138.82
12/03/93 154.10 164 .42 (10.32) 141.58
2/16/94 154,10 161.46 (7.36) 144 .54
6/01/94  154.10 164.10 (10.00) 141.90
MW-0U2-06-400 8/25/93 153.80 166.47 (12.67) 371.93
12/02/93 153.80 163.82 (10.02) 374.58
2/16/94  153.80 160.94 (7.14) 377.46
6/01/94  153_80 166.00 (12.20) 372.40
MwW-0UZ2-06-A 8/25/93  154.82 100.95 53.87 28.05
12/02/93 154.82 100.93 53.89 28.07
2/16/94  154.82 100.96 53.86 28.04
6/01/94  154.82 101.08 53.74 27.92
MW-0QU2-07-180 8/25/93 175.92 189 .84 (13.92) 163.36
12/02/93 175.92 186.97 (11.05) 166.23
2/16/94 175.92 183.88 (7.96) 169.32
6/01/94 175.92 186.53 (10.61) 166.67
MW-0U2Z2-07-400 8/25/93  174.98 188.68 (13.70) 290.72
12/03/93 174.98 185.48 (10.50) 393,92
2/16/94  174.98 182.67 (7.69) 396.73
6/01/94  174.98 189.60 (14.62) 389.80
MwW-0U2-07-A 8/25/93 176.84 116.94 59.90 25.56
12/03/93 176.84 116.81 60.03 25.69
2/16/94  176.84 116.78 60.06 25.72
6/01/94  176.84 117.12 59.72 25.38
MW-0UZ2-08-A 8/25/93 160.10 93.31 66.79 34.19
12/02/93  160.10 93.39 66.71 34.11
2/16/94  160.10 935.35 66.75 34.15



Table 2. Field Activities Conducted, Rl Program - Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Field Activity

Objective/
Goal

Study Area 1

Study Area 2

Control Area

Sitewide

Evaluation of Spent Ammunition

Characteristics

Soil Sampling
Test Pit Sampling

Leachate Analyses

Air Sampling

Volume 1l
H32704-H
November 18, 1994

spent ammunition
samples for metals
analysis

To provide quantitative
information regarding metals
concentrations in soil

To provide quantitative
information regarding metals

concentrations leaching from
soil

To provide information
regarding concentrations of
airborne metals originating
from Site 3

To obtain representative

Test Pit Number

Test Pit Number

Test Pit Number

Area 1-X-2
Area 1 - U-6
Area 1 - 0-9
Area 1 - K-13
Area 1 - M-2
Area 1-D-1
Area 1 - K-4
Area1-1-9
Area 1 - E-15
Area 1 - C-14

Area 1 - M-2
Area 1 - U-6

Complseted

Area 2 - E-35
Area 2 - I-35
Area 2 - G-37
Area 2 - -39
Area 2 - G-43
Area 2 - S-38
Area 2 - P-39
Area 2 - M-38
Area 2 - §-19
Area 2 - M-41
Area 2 - E-35
Arvea 2 - [-36
None

Harding Lawson Assoclates

Control ~ S-31

Contro} - A-31

Control - {Beach)

Control - §-31

None

11 representative
samples collected

None

None

None
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Jable 2.

Fort Ord Water-Level Data, August 1993 - June 1994

Basewide Groundwater Monitoring Annual Report

Fort Ord, California

Top of Depth Water- Water
Casing to Level in
Elevation MWater Elevation Well
Station Name Date (feer) (feet) (feet) (feet) Comments
0UZ2 LANDFILL
MW-0UZ-23-180 B/25/93 182.35 191.58 (9.23) 48.42
12/02/93  182.35 191.52 (9.17) 48.48
2/16/%94  182.35 189.41 (7.06) 50.59
6/02/94  182.35 190.04 (7.69) 49.96
MW-0UZ2-23-A B/25/93 182.05 119.05 63.00 14.95
12/02/93  182.05 119.07 £62.98 14.93
2/16/94  182.05 119.10 62.95 14.90
6/02/94  182.05 119.15 62.90 14.85
MW-0U2-~24-180 8/25/93 181.23 193.93 (12.70) 37.07
12/02/93  181.23 192.04 (10.81) 38.96
2/16/94 181,23 189.08 (7.85) 41.92
6/01/94  181.23 191.07 (9.84) 39.93
MW-0U2-25-A B/25/93  215.42 136.35 79.07 22.65
12/02/93  215.42 136.26 79.16 22.74
2/16/94 215.42 136.19 79.23 22.81
6/02/94  215.42 136.28 79.14 22.72
MW-0U2-26-A 8/25/93 215.30 124.76 20.54 24 .24
12/02/93  215.30 124.76 90.54 24 .24
e/17/94 215.30 124.65 90.65 264,35
6/02/94 215,30 124,12 91.18 24.88
MW-0U2-27-A 8/25/93 185.66 98.62 87.04 26.88
12/02/93  185.66 98.79 86.87 26.71
2/16/94  185.66 98.50 87.16 27.00
6/02/94 185.66 98.02 87.64 27.48
MW-0U2-28-180 8/25/93 198.20 216.60 (18.40) 38.40
12/02/93 198.20 215.30 (17.10) 39.70
2/16/94 198.20 211,16 (12.96) 43 .84
6/02/94 198,20 212.32 (14.12) 42.68
MW-0U2~28-400 8/25/93 198.33 216.53 (18.20) 221.47
12/02/93 198.33 215.02 (16.69) 222.98
2/16/94 198.33 210.96 (12.63) 227.04
6/02/94  198.33 212.20 (13.87) 225.80
MW-0U2-28-A 8/25/93  198.04 76.04 122.00 59.96
12/02/93  198.04 111.94 86.10 24.06
2/16/94  198.04 111.60 86,44 24 .40
6/02/94  198.04 111.33 86.71 24.67
MW-0UZ2-29-180 8/25/93 252.78 265,19 (12.41) 24.31
12/02/93  252.78 266.33 (13.55) 23.17
2/16/94  252.78 264 .14 (11.3&) 25.36
6/02/94  252.78 263.82 (11.04) 25.68
MW-DUZ2~29-A 8/25/93  253.3%9 159.09 94.30 20.41
12/02/93  253.3%9 159.11 94.28 20.39
2/16/94  253.39 158.91 94.48 20.59
6/02/94  253.39 159,01 94.38 20.49
MW-0UZ2~30-180 8/25/93 163,59 181.10 ¢17.51) 38.90
12/02/93  163.59 178.90 (15.31) 41.10
9/26/%94 Page 16 of 21



Table 3. Bullet Distribution at Confirmation Sampling Locatlons - Site 3
Volume |l - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Confirmation Visual Total Weight of
Sampling Observation at  Bullets and Sand  Sieved Bullet
Study Location Surface (Vol. of 1"x3'x3") Weight Weight Percent
Area (Grid Nodes) (% Bullets) (Ibs) (lbs) of Bullets
M-13 0 87.6 0.329 0.38
M-7 0 81.2 0 0
M-1 0 86.0 0 0
Study Area 2 S5-1 0 92.2 0 0
8-7 0 55.4 0 0
5-13 0 80.4 0 0
S-19 0 77.0 0.021 0.027
5-25 0 93.6 0 0
5-31 0 55.4 0 0
5-38 1-2 78.0 1.263 1.62
Y-36 0 62.6 0 0
Y-31 0 75.6 0 0
Y-25 0 55.4 0 0
Y-19 0 42.2 0 0
Y-13 0 62.2 0 0
Y-7 0 48.4 0 0
Y-1 0 45.6 0 0
I-35 556 123.4 59.4 48.29
E-35 45 111.2 36.4 32.73
Control Area A-1 0 44.4 0 0
A-7 0 38.0 0.026 0.068
A-13 0 29.4 0.019 0.065
A-19 0 43.0 0.040 0.093
A-25 0 83.4 0 0
A-31 0 90.6 0.005 0.006
G-25 0 80.4 0.002 0.002
G-19 0 66.4 0 0
G-13 0 41.0 0 0
G-7 0 46.1 0.007 0.015
G-1 0 51.8 0.002 0.004
M-1 0 53.4 0 0
M-7 0 52.0 0 0
M-13 0 87.0 0 0
M-19 0 58.4 0 0
M-25 0 57.8 0.015 0.026
M-31 0 86.4 0 0
S-1 0 71.4 0 0
S-13 0 54.9 0 0
5-19 0 74.0 0 0
5-25 0 58.0 0 0
5-31 0 60.8 0 0
Volume Il Harding Lawson Associatesa Site 3
A33690-H 2013

November 19, 1994



Table 3. Bullet Distribution at Confirmation Sampling Locations - Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, Californla

Confirmation Visual Total Weight of
Sampling Observation at  Bullets and Sand  Sieved Bullet
Study Location Surface (Vol. of 1"x3'x3") Weight Weight Percent
Area (Grid Nodes) (% Bullets) (Ibs) (Ibs) of Bullets
Y-13 0 61.4 0 0
Y-7 0 31.8 0 1]
Y-1 0 35.6 0 0
Volume [I Harding Lawson Associates Site 3
A33690-H 30f3

November 19, 1994



Table 4. Bullet Distribution at Blowouts - Site 3
Volume |l - Remedial Investigation, Basewide RI/F&
Fort Ord, California

Visual Total Weight Sieved
Test Observation of Bullets and Sand  Bullet
Blowout Range Pit at surface ( Vol. of 1"'x3'x3") Weight Weight Percent
Number Number Number (% bullets) (1bs) (Ibs) of Bullets
Blowout 1 15 & 16 2A 0 NA NA NA
15 & 16 1A <1 66.8 0 0
15 & 16 1B < 63.4 0 0
15 & 16 1C >10 99.0 8.2 8
15 & 16 1D >10 91.4 7.4 8
15 & 16 1E 0 90.0 0 0
15 & 16 1F 0 87.9 0 0
Blowout 2 11 2A 0 NA NA NA
11 3A 0 NA NA NA
11 3 0 NA NA NA
11 1A 0 107.0 0 0
11 1D 1-10 96.2 1.9 2
11 1C =10 8§7.6 3.1 4
11 1B >10 93.6 2.8 3
11 1E <1 67.8 0 0
11 1F <1 72.2 0 0
Blowout 3 Control 1A <1 104.2 0 0
Comntrol 1B <1 85.6 0 0
Control 1C 0 81.6 0 0
Control 1D 0 87.0 0 0
Control 1F 0 87.0 0 0
Control 2A 0 NA NA NA
Control 3A 0 NA NA NA
Control 1E 0 75.0 0 0
Blowout 4 8 1A <1 95.0 0.1 0
8 1B 1-10 80.6 1.5 2
8 1C 1-10 86.6 1.0 1
8 1D <1 75.6 0 0
8 1E 1-10 87.4 0.7 1
8 1F <1 82.4 0.1 01
8 2A 0] NA NA NA
8 3A 0 NA NA NA
8 3B 1] NA NA NA
Volume 11 Harding Lawson Associates Site 3
A33690-H 10f 2

November 19, 1994



Table 4. Bullet Distribution at Blowouts - Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Visual Total Weight Sieved
Test Observation of Bullets and Sand  Bullet
Blowout Range Pit at surface (Vol. of 1"x3'x3") Weight Weight Percent
Number Number Number (% bullets) (Ibs) (Ibs) of Bullets
Blowout 5 1 1A 1-10 97.0 1.0 1
1 1B <1 94.0 0.7 1
1 1C <1 72.6 0 0
1 1D <1 974 0.1 1
1 1E 0 95.2 0 0
1 1F 0 86.8 0 0
1 2A 0 NA NA NA
NA Not applicable.
Volume Il : Harding Lawson Associates Site 3
A33690-H 20f2

November 19, 1994



Table 2. Fort Ord Water-Level Data, August 1993 - Jume 1994
Basewide Groundwater Monitoring Annual Report
Fort Qrd, California

Top of Depth Water- Water
Casing to Level in
Elevation Water Elevation Well
Station Name Date (feet) (feet) {feet) (feet) Comments
PRODUCTION
MARINA 08 10/26/93 83.50 92._89 (9.39) 7.1
12/02/93 83.50 92.98 (9.48) 317.02
2/17/94 83.50 not measured
6/02/94 83.50 93.28 (9.78) 316.72
MARINA 09 2/17/94  171.49 not measured
6/02/94  171.4%9 182.18 (10.6%) 405.82
MW-E-32-180 8/26/93 110.32 122.35 (12.03) 77.65
12703793  110.32 106.20 4.12 93.80
2/17/94  110.32 103.72 6.60 96.28
6/02/94 110.32 not measured - not in service
Note:

Elevations are given feet above mean sea level (MSL).
Values in parentheses represent elevations below MSL.



Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Basewide Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

Station Numbex: FO-24 FO-29 FO-30 LUZERN
Sample Depthi{feet]: 0.00 0.00 0.00 0.00

Sample Number: 9349VBWOO3F 93493VBWOO1F 9349VBWOO2F 3350VBHIIOAYF
Matrix: H20 HZ0 H20 H2O

Sample Date: 12/07/33 12/07/93 12/07/93 12/17/793

Lab Sample Number: 07303300108a 07303300068A 07303300088A 07318500198

Test Method/Analyte Name Units value gqual value gqual value gual valua gqual
COLD VAPOR AM

Marcury ug/1 NA RA Na NA
FUAA-EPATO60

Araenic ug/l HA HA NA RA
FURA-EPAT421

Laad ug/l HA NA NA NA
FUAA-EPATA41

Thallium ug/1 NA NA NA NA
METALS BY ICP

cadmium ug/l NA NA NA RA

Calcium ug/l 40300 VJ4/E 47200 VIL/E 44300 VJI4/E 66100 AJ4/E

Chromiam ug/l NA HA NA NA

Copper ug/L NA NA NA NA

Iron ug/1 RA HA NA NA

Magnesaium ug/l 12200 VJ4/E 16300 VJI4/E 12500 VJ4/E 19200 A

Manganese ug/l HA HA NA NA

Nickel ug/l NA NA NA NA

Potasgsium ug/l 2340 V/B 2580 v/B 2500 v/B 3550 A/B

Sodium ug/l 32900 v 41300 v 30700 Vv 53500 A&

Zinc ug/1 NA 1% RA NA
EPA-150.1

pH pH 7.8V 7.4V 7.5 ¥ 6.8 A
EPA-300.0

Sulfate mg/1 0.7 V/R 70.3 V/R 66.6 V/R 160 A/R

Hitrate as N mg/l 1.9 v 0.94 ¥ 2.4 v 0.42 AJ3

Chloride mg/l 45.9 V/R 62 V/R 37.7 V/R 34.9 A/R

orthophogphate as P mg/1 NA NA NA NA

Bromida mg/l HA NA NA RHA

Hotes:

Unite expressed ag nanograms (ng), micrograms (ug), milligrame (mg},

picoCuries {pCi) or milliom structures (me} of chemical per liter (1) of water.

HA: NHot Analyzed.

ND{}: Not Detected at a gpecific detection limit.

Limit of detection is included in paranthesss.

Report Date: Sep 26, 1994

Page 1 of 104



Table 7. Bullet Distribution in Test Pits - Site 3
Volume Il - Remedial Investigation - Basewide RI/FS
Fort Ord, California

Visual
Surface Total Bullet Weight
Study Test Pit Sample Depth Percent of Weight Weight Percent of
Area Location Type (feet) Bullets (%) (lbs) (lbs) Bullets
Study Area 1 X-2 Surface 0-0.25 1-10 144.4 5.2 3.6
Encrusted 0.25-1.2 87.6 1.4 1.6
Below Encrusted 2.5-3.0 . 50.6 0.01 0.02
-6 Surface 0-0.25 >10 69.8 10.8 15.5
Encrusted 0.33-1.5 53.2 2.4 4.5
Below Encrusted 2.5-3.0 57.4 0.4 0.7
0-9 Surface 0-0.25 >10 83.4 8.41 10.1
Encrusted 0.5-1.5 68.4 0.04 0.06
Below Encrusted 2.5-3.0 46.0 0.1 0.2
K-13 Surface 0-0.25 <1 73.0 0.2 0.3
Encrusted 0.5-1.5 68.4 0.03 0.04
Below Encrusted 2.5-3.0 45.0 0 0
M-2 Surface 0-0.25 =10 65.8 7.7 11.7
Encrusted 0.5-4.0 63.0 1.5 2.4
Below Encrusted 6.0-6.5 35.2 0.03 0.08
D-1 Surface 0-0.25 =10 54.6 2.52 4.6
Encrusted 0.25-0.5 52.0 0.7 1.3
Below Encrusted  2.0-2.5 33.8 0 0
K-4 Surface 0-0.25 1-10 61.2 0.22 0.4
Encrusted 0.42-1.5 38.2 0 0
Below Encrusted 2.0-2.5 23.4 0 0
I-9 Surface 0-0.25 0 61.6 0 0
Encrusted 0.5-1.0 45.6 0 0
Below Encrusted 2.0-2.5 31.2 0 0
E-15 Surface 0-0.25 1-10 53.6 0.3 0.6
Encrusted 0.5-1.0 26.8 0 0
Below Encrusted 2.0-2.5 324 0 0
C-14 Surface 0-0.25 <1 51.4 0 0
Encrusted 0.5-1.0 53.8 0 0
Below Encrusted 2.0-2.5 57.0 0 0
Volume I Harding Lawson Associates Site 3
A23600-H 1of3

November 19, 1994



Table 3.

Analytical Results for Inorganic Compounde Dstected in Groundwater Sampl
Baaewide Groundwater Monitoring Ammual Report

Fort Ord, California

Date Range: 09/14/93 - 06/14/94

Station Number: MARINA-02 MARINA-09 MONTEREY SAND CO. -D
Sample Depth(feat): 0.00 0.00 0.00
Sample Number: 9350VBWODOGF 9350VBWOOS5F 9350JBWI91F
Matrix: H20 H2ZO0 H20
Sample Date: 12/715/93 12/15/93 12/15/93
Lab Sample Number: 073185000638A 07318500048 0731850009SA
Test Method/Analyte Namas Units value gqual value qual valus gual
COLD VAPOR AA
Mercury ug/1l NA NA NA
FUAA-EPATO60
Arsenic ug/l NA HA HA
FUAA-FEPAT4A21
Lead ug/l NA HA NA
FUAA-EPATB4L
Thallium ug/l NA HA NA
METALS BY ICP
cadmium ug/l HA HA HA
Calcium ug/1l 59800 AJ4/E 90600 AJA/E 67800 AJL/E
Chromium ug/1l NA HA NA
Copper ug/l NA NA NA
Iron ug/1l NA NA NA
Magnesium ug/l 23700 A 31800 A 12500 A
Manganese ug/l NA NA HA
Nickel ug/1 NA NA HA
Potassium ug/1l 3350 A/B 4140 A/B 4520 A/B
Sodium ug/l 83300 A 76800 A 108000 A
Zinc ug/l NA HA NA
EPA-150.1
PH PH 6.9 A 7.6 A 7.3 A
EPA-300.0
Sulfate mg/l 67 A/R 76.3 AR 38.5 AR
Hitrate as W mg/l 23.5 AJ3/R 0.5 RJI3 ND{0.05} A
Chloride mg/l 177 A/R 232 A/R 154 A/R
orthoephosphate as P mg/l MA NA NA
Bromide mg/l NA NA NA

Notes:

Units expregsed as nanograms (ng), micrograms {uwg}, milligrams {(mg),
picocuries {pCi} or million structures (ms) of chemical per liter (1} of water.

HA: Not Analyzed.
ND(}: Not Detected at a specific detection limit.

Limit of detection is included in parentheses.

Report Date: Sep 26, 1994



o Table 7. Bullet Distribution in Test Pits - Site 3

Volume Il - Remedial Investigation - Basewide RI/FS
Fort Ord, California

Visual
Surface Total Bullet Weight
Study Test Pit Sample Depth Percent of Weight Weight Percent of
Area Location Type (feet) Bullets (96) (Ibs) (Ibs) Bullets
Study Area 2 M-38 Surface 0-0.25 1-10 43.2 1.1 2.5
Encrusted 1.0-1.25 33.2 0.5 1.5
Below Encmste_d 1.25-3.0 48.6 0 0
5-19 Surface 0-0.25 <1 47 4 0.1 0.002
Encrusted 0.25-1.5 46.0 0 0
Below Encrusted 1.5-3.0 44 .4 0 0
M-41 Surface 0-0.25 0 51.2 0 0
Encrusted 1-1.5 57.2 0 0
Below Encrusted 1.5-3.0 54.0 0 0
.bs Pounds.
Volume Il Harding Lawson Associates Site 3
A33690-H 30f3

November 19, 1994



Table 8. Analytical Methods - Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, California

EPA Test Soil Leachate
Parameter Method Samples Samples

Copper 6010 All

7211 If ND by 6010*

200.7 - All

220.2 - If ND by 200.7
Zinc 6010 All -
Lead 6010 All -

200.7 - All

239.2 - If ND by 200.7
Iron 6010 All --

200.7 -- All
Antimony 6010 All --

204.2 -- All
Total Chromium 6010 All -

7191 If ND by 6010 -

218.2 - All
Chromium VI° 7196 All
Tin 6010 All --

282.2 If ND by 6010 --
pH 9045 All --

150.1 - All
Total Organic Carbon 9060 All -
Cation Exchange Capacity All -
ICP Inductively Coupled Plasma.
GFAA Graphite Furnace Atomic Absorption.
ND Not detected.
mg/kg Milligrams per kilogram.
- Not analyzed.
a If the indicated sample type had an ND result for the metal shown using EPA Test Method 6010 (for soil) or 200.7

(for water), the analysis was repeated using the method shown in the EPA Test Method Column.

b Holding time for hexavalent chromium (CrV]) in soil samples has not been sstablished. However, CrVI is likely to be
stable in soil matrices for longer than the 24 hours specified for water samples. Soil samples that were analyzed for
CrVI were extracted as soon as possible (72 hours maximum). Once extracted, the aqueous portion was analyzed
within the 24-hour holding time specified for water samples.

Volume li Harding Lawson Associates Site 3
A33690-H 1of1
November 19, 1994 ’
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Table 3. Analytical Results for Incrganic Compounds Detected in Groundwater Samplss

Bagswide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 09/14/93 - 06/14/94

Station Numbar: MW-01-02-180

MW-01-02-1840

MW-01-02-180

MW-01-02-180

Sample Depth{feat): 0.00 0.00 0.00 0.00
Sample Number: 9337J01002F 9349J01079F 940BIC1015F 9423J01220F
Matxix: H20 H20 H20 HZO0
Sample Date: 09/14/93 12709793 02/24/94 06/10/94
Lab Sample Number: 07158300095Aa 07307600108A 07429900178A 07623500048
Test Method/Analytae HNams Units valua gual value qual value gual values gual
COLD VAPOR AA
Mercury ug/l ND(0.2) AR/U NB{0.2) AU WD{0.2) AU ND(0.2) Vv/U
FUAA-EPAT60
Argenic ug/l 6.3 A/B 7.8 A/WB 7.1 A/B 7.4 v/B
FUAAR-EPATA2]
Lead ug/1l ND(l1.6) A/U ND{1.6) RA/U ND{1.6) A/U ND(2.9) v/U
FUAA-EPATH41
Thallium ug/l ND{10)} AJ3/NWIT ND{10) A/U ND(2)} AJ3I/NWU ND{10.5) VR2J3/NWU
METALS BY ICP
Cadmium ug/l ND(4.3) A/U 4.6 A/B ND{4.3) ASU ND({d.3) V/U
Calcium ug/l HA NA NA NA
Chromium ug/1l 5 A/B ND{4.7) AU ND{4d.7)} AU ND{3.6) V/U
Copper ug/l ND{4)} A/U ND(5.1) AULl/B ND(4} A/U 2.6 V/B
Iron ug/1l NA NA NA HA
Magnegium ug/l NA NA NA HA
Manganess ug/l NA NA MNA HA
Richkel ug/fl ND{27) A/U WD(27) AU ND{27)} A/U ND(24) W/U
Potasaium ug/l NA NA HA MNA
Sodium ug/l NA 137000 A HNA NA
Zinc ug/l ND{7.1) AU2/B ND{2.B} AUl/B ND{107) AUl ND(1l.6} VU1l/B
EPA-150.1
pPH pH NA NA HA HA
EPA-300.0
Bulfata mgsl NA NA NA NA
Nitrate as N mg/fl 4.7 A 22.5 A/R 4.7 A 4.4 V/R
Chloride mg/l MA A RA NA
Orthophosphate as P mg/Ll 0.97 A 1.6 AJ3 0.81 A 0.85 VvV
Bromide mg/l NA NA HA NA
Notes: Units expresgsed as nanograms (ng)}, micrograms {(ug), milligrame {(mg},

picoCuries (pCi} or million structures {ms) of chemical per liter (1} of water.

NA: Not Analyzed.
ND(): Not Detected at a specific detection limit. Limit of detection is included in parsntheses.

Report Date: Sep 26, 1994 Page 7 of 104



Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Basswida Groundwater Momitoring Annual Report
Fort Ord, California
Dats Range: 09/14/93 - 06/14/594

gStation Number:
Sample Depth(fest]):

MW-01-02-180
0.00

MW-01-02-180
0.00

Mw-01-02-180
0.00

MW-01-02-180
0.00

Sample Numbexr: 9337J01002F 9349J01075F 9408I01015F 9423J01220F
Matrisx: H20 H20 H2O H20

Sample Date: 09/14/93 12/09/593 02724794 06/10/94

Lab Sample Rumber: 07158300098A 47307600108A 07429900173A 07623500048A

Tast Method/Analyte Name Units ralua qual value qgual wvalua gual values gual
EPA-160.1

Total Dlisasclved Solids mg/l RA NA HA RA
EPA-160.2

Total Suspended Solids ng/l HA NBA HA HA
EPA-120.1

Specific Conductance at 25 deg. C umhos NA NA NA NA
EPA-INORGANICS

Alkalinity, Bilcarb. (as CacCO3) mg/l NA HA NA NA

Alkalinity, Total {as CaC0}) mg/l NA NA NA NA
EPA-T041

Antimony ug/l 6.7 A/B 4 A/B 2.2 A/B 4.5 V/B
SMIL1AA

Hardness (ae CaC03} mg/l HA NA MA HA

Notes: Units expressed ms nanograms {ng)}, micrograms {ug), milligrame {(mg),

picoCuriea (pCi) or million structures {ms} of chemical per liter (1} of water.

NA: Not Analyzed.
ND{}: Not Detacted at a specific detection limit. Limit of detection is included in parentheses.

Report Date: Sep 26, 1994 Page B8 of 104



Table 3. Analytical Results for Inorganic Compounds Datected in Groundwater Samples
Basewide Groundwater Monitoring Annual Report
Fort oOrd, California
Date Range: 09/14/93 - 06/14/94

Station Number:

MW-01-03-180

MW-01-03-180

MW~01-03-18B0

MW-01-03-180

Sample Depth(feet): 0.00 0.00 0.00 0.00
Sample Number: 9337J01004F 9349J01080F 9408101017F 9423001221F
Matrix: H20 H20 H20 H20
Sample Date: 03/14/93 12/09/93 02724794 06/10/94
Lab Samples Number: 07158300118 07307600115 047429900195A 07623500058A
Tast Method/Analyte Name Units valus gual valus gual valus gual valus gual
COLD VAPOR AA
Mercury ug/1l ND{0.2) AU ND{0.2) A/U RD{0.2) A/U HD{D.2) V/U
FUAA~EPATO60
Arsenic ug/l 2.4 A/B 2.8 A/WB ND{2.5) A/WU ND{2.5) V/WU
FUAA~EPAT421
Lead ug/l ND(1.6) A/U ND{l1.6) A/wWU HD{1l.6} A/U ND(2.9) ViU
FUAA~EPATEB4L
Thallium ug/1l NB{10) AJ3I/NWU ND(10} A/WU N2} AJI/NWU ND(2.1) VR2J3/NWU
METALS BY ICP
cCadmium ug/l ND{4.3} A/U ND{4.3)} AU ND(4.3) AU ND{4.3) Vv/U
Calcium ug/l NA NA NA HA
Chromium ug/l ND(4.7) A/U ND{4.7) A/U ND(4.7) A/U ND{3.6) Vv/U
Copper ug/k HD{4) A/U ND{4.9) AUl/B ND{4} A/U WD{1.8) wv/U
Iron ug/1 NA NA NA NA
Magnesium ug/l NA NA WA NA
Manganese ug/l NA NA HA HA
Nickel ug/l ND({27) AJU ND(27)} AU ND(27) A/U ND{24) Vv/U
Potagsium ug/l NA KA NA HA
Sodium ug/1l NA 80900 A NA NA
Zinc ug/l RD{13.7) AU2/B ND{4) AUL/B ND{155} AUl ND{3.2)} VU1/B
EPA-150.1
PH pH NA NA RA NA
EPA-300.0
Sulfats mg/l NA NA MNA HA
Nitrate as N mg/l 4.2 A B.B AR 6.6 A/R 4.7 Vv
Chloride mg/l NA RA NA NA
Orthopheosphate as P mg/l ND{D.2} A Wp{0.2) A ND{0.2) A ND(D.2) ¥
Bromids mg/l NA NA NA HA

Notesn:

Units expressed as nanograms (ng}, micrograms (ug}, milligrams (mg},

picoturiea (pCi) or million structures {ma) of chemical per liter (1} of water.

NA: Mot Analyzed.

ND{): Not Detected at a specific detection limit.

Limit of detection is inciuded in parentheses.

Report Date:

Sep 26,

1994 Page 9 of 104



Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Basewide Groundwatar Monitoring Aannual Report
Fort ord, California
Date Range: 03/14/93 - 06/14/94

Station Number:
Sample Depth(fest):
Sample Number:
Matrix:

Sampls Date:

Labh Sample Numbhaer:

MW-01-03-180
0.00
3337J01004F
H20

09/14/3%3
07158300118A

MW-01-03-180
0.00
9343J010B0F
H20

12709793
07307600118A

MW-01-03-180
0.00
3408I01017F
H2O

027247394
07429900198A

MW-01-03-1B0
0.00
9423301221F
HZ0

06/10/94
07623500058A

Tast Method/Analyte Name Unita value gual value gual valus gual value gual
EPA-160.1

Total Dissolved Solids mg/l NA HA HA HA
EPA-160.2

Total Suspended Solids mg/l NA NA HA NA
EPA~120.1%1

gpecific Conductance at 25 deg. C umhos MA Ha MA RA
EPA~INORGANICS

Alkalinity, Bicarb. {(am CaCc0o3) mg/l HA NA HA MA

Alkalinity, Total (as CaCO3}) mg/l NA NA NA NA
EPA-7041

Antimony ug/1 4.1 A/WB B.2 ASB 4.5 A/B ND(2.2) V/WU
BM314A .

Hardness {(as CaCO2l) mg/l NA RA NA NA

Notes: Units expresssed as nanograms {ng)}, micrograms {ug}, milligrams (my),

picoCuries (pCi} or million structures {ms) of chemical per liter {1} of water.

NHA: Not Analyzed.
ND{): Not Detected at a specific detection limit. Limit of detection is included in parentheses.
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Table 3.

Btation Number:
Sample Dapth(feet}:
Sarple Rumber:
Matrix:

Sample Date:

Lab Sample Number:

[N

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basewide Groundwater Monitoring Annual Report
Fort ord, Ccalifornia
Date Range: 09/14/93 - 06/14/94

MW-02-04-180

MW-02-04-180

.00 0.00Q
9402Cc002011F 9408BI02006F
H20 H20

01/13/94 02/23/94
0735230017S8A 07430100118a

MW-02-04-1B0
.00
9413J02193F
HZ0

03/30/94
07483700138A

MW-02-04-180
0.00
9423102041F
H20

06/07/94
0761420010SA

Test Method/Analyte Namm Unite value gual value gual valus gual value gqual
COLD VAPOR AA

Mercury ug/l HD{0.2} AU HD{0.2) v/U ND(D.2) A/U ND(D.2) AU
FUAA-EPATOGD

Armenic ug/l WD{2.5) A/U ND{2.5) V/U WD{2.5) A/U ND{2.5) A/U
FURA-EPATA21

Lead ug/l ND({2.9) A/U ND{2.9) V/U ND{2.%) A/U HD{2.9} A/U
FUAA-EPA76841 .

Thalliom ug/l ND(2.1} A/WU ND(2.1) WVI3/NWO ND{2.1) AJ3I/HWU ND{10.5}) AJ3I/¥WU
METALS BY ICP

Ccadmium ug/l ND{4.3) A/U ND{4.3) V/U ND(4.3) AU ND{4.3) A/U

Calcium ug/1 16100 A NA HA RA

Chromium ug/1 ND{3.6) AU ND{3.6) V/U ND{3.6) A/U ND{4.7) A/U

Copper ug/l ND(1.8) A/U ND(4) VUL/B ND{1.8) A/U ND{4} A/U

Iron ug/l 37 A/B NA MA NA

Magnepgium ug/l 14300 A WA HA NA

Manganess ug/l 6.8 A/B NA NA NA

Nickal ug/l ND{24} A/U ND{Zd} V/U ND{24) A/U ND{27) A/U

Potagegium ug/l 20B0 A/B NA NA NA

Sodium ug/l 61300 A NA NA NA

Zine ug/1 21.3 A ND(18) VvU2/B ND{10.7) AUl/B ND(17.7) AU2/B
EPA-150.1

pH PH RA HA NHA NA
EPA-300.0

Sulfate mg/l 30.7 A NA NA HA

Nitrate as N mg/l 5.4 AR 5.1 V/R HA 6.5 AR

Chloride mg/1l B2.7 AR NA NA NA

Orthecphosphate as P mg/l ND{D.2) A ND{0.2) ¥ MA ND(0.2) A

Bromide mg/l MM NA MA NA

Notes: Units expressed as nanograms (ng)}, micrograms {ug}, milligrams {mg),
picoCuries (pCi) or million structures {ms) of chemical per liter (1) of water.
NA: Not Analyzed.
ND{}): Hot Detacted at a specific detection limit. Limit of detection is included in parentheasss.
Report Date: Sep 26, 1994 Page 19 of 104
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Table 3.

Station Number:
Sample Deapth{feet):

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basewide Groundwater Mconitoring Annual Report
Fort Ord, California

Dates Range: 05/14/93 - 06/14/94

MW-02-05-180
0.00

MW-02-05-180
0.00

MW-02-05-180
0.00

MW-02-05-180
0.00

Samples Number: 9337X02004F 9402C002015F 940BI02007F 3412Dp002258F
Matrix: H20 H20 H20 H20
Sample Date: 09/15/93 01/13/94 02/23/94 03/25/94
Lab Sampla Number: 071605C0098A 07352300188A 074301001239 07483700098A
Teapgt Method/Analyte Name Unite valua gqual valua qual valuas gual valus gual
EPA-160.1
Total Dissolved Solids mg/l NA 364 A NA NA
EPA-160.2
Total Suspended Solidms mg/l NA 281 A A NA
EPA-120.1
Bpecific Conductance at 25 deg. C umhog MA MA HA MA
EPA-INORGANICS
Alkalinity, Bicarb. {(am CarC03} mg /1l NA 92.8 A NA NA
Alkalinity, Total (as CaCo03} mg/l NA 92.8 A NA NA
EPA-7041
Antimony ug/l 3.2 A/WB 3.5 A/WB ND(5.6) VU2/B 6.6 A/WR
SM31ldA
Hardness {ams CaC03) mg/L MA 142 A NA NA
Notes: Unite expressed as nanograms (ng}, micrograms {ug), milligrams {(mg},

picoCuries {(pCi) or million structures (me} of chemical per liter (1) of water.

HA: Hot Analyzed.

ND(}: Not Detected at a specific destection limit.

Limit of detectlion is included in parentheres.

Report Date:
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Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samp

Basewide Groundwater Monitoring Annual Report

Fort Ord, California
Date Range: 0%/14/93 -

Station Mumber: MW-02-05-180

Sample Depth{feet}: 0.00

Sampls Number: 9423I02042F
Matrix: H2O

Sample Date: 06/07/94

Lab Sample Number: 076142001188

06/14/94

MW-02-06-180
0.00
9337X02006F
H2O

03/15/93
0716050011SA

My-02-06-~180
0.00
9403D002012F
H20

01/17/94
07353706083A

Test Mathod/Analyte Nams Units

valua gual

value gual

value gqual

COLD VAPOR AA

Maxrcury ug/1l ND(0.2) AU ND(0.2) A/U ND{0.2) A/U
FUAA~EPATO60

Argenic ug/1 ND{2.5) MU 4 A/B 5.3 A/WB
FUAA~EPAT421

Lead ug/l ND{2.9) A/U ND{l1l.6)} A/U ND{2.9} A/U
FUAA~EPATBAL

Thallium ug/l ND(10.5) AJ3/NU ND{2) AJI/NWU ND({2.1} AJ3/NWU
METALS BY ICP

Cadmium ug/l ND{4.3) AU ND{4.3) A/U ND({4.3) A/U

Calcium ug/l NA NA 15700 A/E

Chromium ug/l ND{4.7} A/U ND{4.7) A/U ND{3.6) A/U

Copper ug/l ND{4.6) AUl/B ND(4) A/U ND{1.B) AU

Iron ug/1 NA NA 2340 A

Magnegium ug/l NA MA 12800 A

Manganesse ug/l NA NA 27.1 A

Nickel ug/fl ND(27) A/U ND(27) A/U ND(24) A/U

Potassinm ug/l NA HA 1890 A/B

Sodium ug/l NA NA F2500 A

Zinc ug/l 39.8 A 31 n ND{19.B) AUL/B N
EPA-150.1

pH PH MA NA NA
EPA-300.0 ’

Sulfate mg/l HA HA 49.8 A/R

Nitrate ag N mg/l 8.3 AR 2.8 a 3.3 2

Chloride mg/i MA HA 6%.7 A/R

Orthophosphate ags P mg/l ND{0.2) A ND(0.2) A ND{D.2) A

Bromids mg/l NA NA NA

Notas: Units expressed as nanograme {ng), micrograms {(ug}, milligrams (mg),

picoCuries (pCi) or million structures (me] of chemical per liter (1) of water.

NA: Not Analyzed.
ND()}: Not Detected at a specific detection limit. Limit of detection is included in parenthezes.

Asport Date: Sep 26, 1994
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TOQBOQAF

NORTHERN CALIFORNIA
ANALYTICAL LABORATORIES
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{510 376-7010

MO
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STARTING DATA

I Z TYFE SOURCE CalLIER.CONST. SEC MOM_CTS .
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Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Sam
Basewide Groundwater Monitoring Amnual Report
Fort Ord, Ccalifornia
Date Range: 09/14/33 - 06/14/94

Station Number:

MW-02-06-1B0

MW-02-06-180

MW-02-07-180

Sample Dapth{feat]): 0.00 a.00 0.00

Samples Number: 9413J02195F 9423I02043F 9337x02012F
Matrix: H20 H20 H2D

Sample Date: 03/30/94 06/07/54 09716793

Lab Sample Number: 07483700158 07614200128A 07160500198A

Test Method/Analyts Names Units valus qual value gual valus gqual
EPA-160.1

Total Dissolved Solids mg/l HA NA NA
EPA-160.2

Total Buspsnded Solids mg/l NA HA NA
EPA-120.1

Specific Conductance at 25 dag. C umhos NA HA NA
EPA-INORGANICS

Alkmlinity, Bicarb. (as CaCo3) mg /1 NA NA BA

Alkalinity, Total {ag CaCO0l} mg/1 NA NA HA
EPA-T041

Antimony ug/l 7.3 A/B 2.7 A/B 2.8 A/WB
SHI14A

Hardness {as CaCO03} mg/L NA NA NA

Notes: Units expresssd as nanograms {ng}, micrograms (ug), milligrams (mg},

picoCuries {(pCi}) or million atructures (ms) of chemical per liter {1} of water.

HA: Not Analyzed.
ND{}): Not Detected at a specific detection limit. Limit of detsction ig included in parentheses

Report Date: Sep 26, 199



Table 3. Analytical Resulte for Inorganic Compounds Detected in Groundwater Samp.
Bagewide Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 09/714/93 - 06/14/94

Station Number:
Sample Dapth{fest):

MW-02-07-180
4.00

HW-02-07-180
0.00

MW-02-07-180
0.00

Sample Number: 9402C002018F 9408J02106F 9412D002253F
Matrix: H20 H20 H20
Sample Date: 01/13/94 02/24/94 63/24/94
Lab Sample Number: 07352300208A 07434500048 07483700048A
Test Method/Analyte Name Units valus gual ralus qual valus gqual
COLD VAPOR AR
Marcury ug/l 0.55 A 0.71 A 0.92 A
FUARA-EPATO60
Arsenic ug/1 ND{2.5) A/WU ND{(2.5) A/U ND{2.5) A/U 1
FUAAR-EPAT7421
Lead ug/l ND{2.%) A/WU ND{2.9) A/WU ND{14.5) A/WU 1
FUAR-FEPATB41
Thallium ug/l ND(10.5) A/WU ND{21} AJ3/NWU ND{21} AJ3I/NU
METALS BY ICP
Cadmium ug/l ND{4.3) A/U ND{4.3) AU ND{4.3) AU
Calcium ug/1 756000 A NA NA
Chromium ug/l ND(3.6) A/U ND{3.6) A/U ND({3.6) A/U ]
Copper ug/1 ND{23.6) AU1l/B ND{16.6) AUl/B ND{22) AULl/B
Iron ug/l 51.% A/B NA NA
Magnesium ug/l 1200000 A NA NA
Manganess ug/l 297 A A A
Nickel ug/l ND{24) A/U ND{24) A/U HD(24) AU
Potassium ug/1 470600 A NA NA
Sodium ug/1 7080000 A NA NA
Zinc ug/1l 331 A B&.3 A 124 A
EPA-150.1
PpH PH HA NA NA
EPA-300.0
Sulfate mg/l 1B00 A/R NA NA
Nitrate as H mg/l MD{53) A/G ND{5) A/G NA
Chloride mg/l 12000 A/R MA NA
Orthophosphate as P mg/l ND{20) A/G ND(20) A/G NA
Bromide mg/1l HA NA NA

Notes:

Units expressed as nanograms (ng), micrograms (ug), milligrams (mg},
picoCuries {pCi)] or milliom structures (ms) of chemical per liter (1) of water.

NA: Not Analyzed.

ND{}: Not Detected at a =mpecific detectiom limit.

Limit of detection is included in parentheses.

Report Date:

Sep 26,

1954
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Table 3.

Station Number:

Analytical Results for Inorganic Compounds Deteacted in Groundwater Samples

Basewide Groundwatsxr Monitoring Annual Report
Fort Ord, California

Date Range: 09/14/33 - 06/14/94

MW-02~10-180

MW-02-10-180

MW-02-10-1B0

MW-02-10-180

Sample Depthi{feat}: 0.00 0.00 0.00 0.00
Sample Number: 9403D002015F 9408J02105F 9412D002257F 5423I02047F
Matrix: H2ZO H2O H20 H20
Sample Date: 01/17/94 02/24/94 03/25/94 06/0B/94
Labh Sample Number: 07359700118A 07434500083A 0748370007SA 07620300048
Tagt Method/Analyte Name Units value gqual values qual values gqual value gual
COLD VAPOR AA
Marcury ug/l ND(0.2) AU ND(D.2} MA/U NB{D.2) A/U ND{0.2) AU
FUAA-EPATO60
Arsenic ug/l ND(2.5) A/WU ND(2.5) AU ND{2.5} AU ND{2.5) A/WU
FUAKR-EPATL2L
Lead ug/L ND(2.9) A/U ND{2.9) ASU ND{2.%} A/U WD(2.9) A/U
FUAMA-EPATHAL
Thallium ug/l ND{2.1) AJI/NU ND{2.1) AJ3I/HWU WD(10.5} AJ3I/RU ND(2.1} AJ3/NWU
METALS BY ICP
Cadmium ug/1 ND{4.3) A/U ND{4.3) A/U ND(4.3) A/U ND({4.3) A/U
Calcium ug/1l 17600 A/E NA NA NA
Chromium ug/l ND{3.6) A/U ND{3.6]) A/U MD(3.6) A/U ND(3.6} A/U
Copper ug/l ND(21.9) AU1/B ND{6.7) AUL/B ND(L1.8) AU 3.3 A/B
Iron ug/1l ND{20.8) AUl/B NA NA NA
Magnesium ug/l 16100 A NA NA NA
Manganess ug/l 51.3 A NA NA NHA
Nickel ug/l ND{24} A/U KD{24} A/U ND(24) A/U ND{24} A/U
Potasaium ug/l 3680 A/B NA NA NA
Sodium ug/l 71000 A NA NA RA
Zine ug/1l 123 A 13.9 A/B 23.4 A 43.5 A
EPA-150.1
PpH pH HA NA NA NA
EPA-300.0
Sulfate mg/L 24.2 A NA NA NA
Hitrate as N mg/1 17 A/R 15.5 A/R HA 14.8 A/R
Chloride mg/1 F2.9 A/R NA HA MA
Oorthophosphate as P mg /L ND{(0.2) A ND{0.2) A NA ND(D.2)} A
Bromide mg/1 HA NA RA NA
Notes: Units expressed ag nanograms (ng)}, micrograms {ug}, milligrams (mg}.
picoCuries (pCi} or million etructures {ms)} of chemical per liter (1) of water.
NA:; Not Analyzed.
NP(}: Not Detected at a gpecific detection limit. Limit of detection is included in parenthesas.
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Table 3. Analytical Regults for Inorganic Compounds Detacted in Groundwater Samg
Basewide Groundwater Monitoring Amnual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/54

Station Number:

MW-02-10-180

M-02-10-180

MW~-02-10-180

Bample Depth{feet): 0.00 0.00 0.00

Sample Number: 9403D002015F 940BJ02109F 9412D002257F
Matrix: H2O0 H20 H20

Sample Date: 01/17/94 02/24/94 03/25/594

Lab Sample Number: 0735970011SA 07434500085 47483700078A

Test Method/Analyte Name Unita valua gqual value gual values gual
EPA-160.1

Total Digsolvad Solidse mg/l 350 A HA HA
EPA-160.2

Total Suspended Solide mg/l 101 A NA NA
EPA-120.1

Specific Conductance at 25 deg. C umhos NA HA NA
EPA-INORGANICS

Alkalinity, Bicarb. {as CaC03l) mg/L 51.2 A NA NA

Alkalinity, Total (as CaCO3) mg/l 51.2 A NA NA
EPA-T041

Antimony ug/l ND(4.8) AU2/B ND{2.2) A/WU ND{2.2} A/WU
SHM314A

Hardnegs (as CacCOl) mg/l 110 A NA HA

Noten: Unita expressed as nanograms {ng), micrograme {ug), milligrams (mg},

picoCuries (pCi} or million structures (ms) of chemical per liter (1) of water.

HA: Not Analyzed.
ND()}: Mot Detected at a epsclfic detection limit. Limlit of detection ie included in parentheses

Report Dates: Sep 26, 199



Table 3.

Statlion Humber:
Sample Depth{fest):
Sample Number:
Matrix:

Sample Data:

Lab Sample Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basswide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 093/14/93 - 06/14/94

HW-12-01-180
G.00
89337J12005F
H20

09/15/93
07160500038

MW-12-01-180

0.00

5402C012005F

H20
01711794

073523000B8A

MW-12-01-180

0.00

5408J12094rF

HZO
02/22/94

07430100013A

MW-12-01-180
0.00
5412D01224BF
H20

03/23/94
07479200178A

Test Method/Analyte Name

COLD VAPOR AR
HMercury
FURA~-EPATO60
Argenic
FUAA-EPATA21
Lead
FUAM-EPATH41
Thallium
METALS BY ICPE
Cadmium
Calcilum
Chromium
Coppear
Iron
Magneslium
Manganeees
Hickel
Potasgium
Sodium
Zinc
EPA-150.1
PH
EPA-300.0
Sulfate
Nitrate as N
Chloride
Orthophosphate am P
Bromide

Unite

ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l
ug/l
ug/lL
ug/1l
ug/l
ug/l
ug/l
ug/l
ug/l

pH

mg/l
mg/l
mg/l
mg/l
mg/l

value gual

ND{0.2} AU
ND(2.4} A/U
ND{L.6) A/U
ND(18) AJI/NU

ND{4.3) A/U
NA
ND(4.7) A/U
11.7 A/B
NA
NA
HA
ND(48.6) AUl
NA
NA
ND(%9.4} AUL/B

NA

NA

T.4 A/R
NA
KD(0.2) A
A

value qual

ND{0.2} A/U
ND(2.5) A/U
ND(2.3) A/U
ND{2Z.1} A/WU

ND{4.3) A/U
37500 A
ND(3.6) A/U
ND(7.8} AUL/B
3%.1 A/B
25500 A
11 A/B
ND{24) AU
2070 A/B
57500 A

ND{18.4} AUl/B

NA

50.4 A/R

8.1 AR

38.7 A/R
RD(0.2) A
HA

value qual

ND{0.2} V/U

ND{2.5) V/U

ND{2.8) VJ3/U

KD(10.5}) VJ3/NU

ND(4.3) V/U

RA

is.2 v

6.7 ¥/B

NA

NA

NA
5.6 v/B

RA

NA
ND{25.5} VU2

NA

RA
7.7 V/R
NA
ND{0.2) V
HA

valus qual

ND{0.2} A/U

ND(2.5) A/U

ND{2.9) AU

ND{21} A/EU

ND{4.3) A/U
HA
ND(3.7) AU2/B
ND({1.8) A/U
NA
NA
RA
ND(63.1) AU2
NA
NA
ND{16.6} AU2/B

NA

NA
NA
NA
HA
HA

NHoten:

Units expressed ag nanograms {ng), micrograms {ug), milligrame (mg),

picoCuries (pCi} or million structures (ms} of chemical per liter {1} of water.

NA: Not Analyzed.

ND{): Not Detected at a mpecific detection limit.

Limit of detectionr is included in parentheses.

Report Date:
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Table 3. Analytical Results for Inorganlc Compounds Datectad in Groundwater Samples
Bagawlde Groundwater Monitoring Annual Report
Fort ord, California
Date Range: 09/14/933 - 06/14/924

Station Rumbar:
S8ample Depth{feat):
Bample Number:

MW-12-01-180
04.00

MW-12-01-180
4.00

MW-12-01-180
4.00

MW-12-01-180
0.00

9337J12005F 9402C012005F 940BJ12094F 9412D012248F
Matrix: H20 H20 H20 H20
Sample Date: 09/15/93 01/11/94 02/22/94 03/23/94
Lab Sample Number: 07160500038A 07352300088 07430100018A 074792001738
Tast Method/Analyte HName Units value qual valua qual value gual valus gual
FEPA-160.1
Total Dissolved Solids mg/l NA 435 A MBA HA
EPA-160.2
Total Suspendad Solids mg/l NA 25 A NA NA
EPA~-120.1
gSpecific Conductance at 25 deg. C umhos NA NA RA NA
EPA-INORGANICS
Alkalinity, Bicarb. (as CaCc03) mg/l HA 95.5 A NA MA
Alkalinity, Total {as CaCO03} mg/l NA 95.5 A NA NA
EPA-7041
Antimony ug/1l 5.4 A/WB 2.1 A/WB KD(2.2) v/U RD(2.2) A/WO
SMI14A
Hardnesg {(as CaCo03) mg/L NA 200 A NA NA

Notes:

tnits expressed as nanograms (ng), micrograms {ug}, milligrams (mg},

picoCuries {pCl} or million structures {ms) of chemical per liter (1) of water.

MA: Mot Analyzed.

ND{): Not Detected at a specific detection limit.

Report Date:

Limit of detection is included in parentheses.

S8ep 26,
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Table 3. Analytical Rasulte for Inorganic Compounds Detected in Groundwater Samples
Bapawids Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 0%/14/93 - 06/14/94

Station Number:

Mw-12-01-180

MW-12-02-180

MW-~12-02-180

MW-12-02~1840

Sanple Depth{feest)}: 0.00 0.00 0.00 0,00

Sample Number: 9423312192rF 9337J12006F 9402C012006F 940BJ12095F

Matxyix: H20 H20 H20 H20

Sample Date: 06/06/94 09/15/93 01/11/94 027227594

Lab Sample Number: 0761420007SA 07160500048A 07352300098A 07430100038A
Tast Method/Analyte Nams Unite value gual ralue qual value qual valus qual

COLD VAPOR AA

Hercury ug/l ND{®#.2)} A/U ND(0.2) ASU ND{0.2) AU WD{0.2} Vv/U
FUAAR-EPATO6D

Arsenic ug/l ND{2.5) A/U WD(2.4) ASU ND({2.5) A/U ND{2.5) WU
FUAA-EPATA421

Lead ug/1 ND(2.9) A/U ND{l1.6) A/U ND(2.9) AU ND{2.9} V/U
FURA-EPATB41

Thallium ug/1l ND{10.5) AJI/NWU ND{2) AJT3I/NWU ND{2.1) A/U ND{10.5) VJI3/NWU
METALS BY ICP

Cadmium ug/1l ND(4.3) A/U ND{4.3) AU ND(4.3) AU ND{4.3)} V/U

Calcium ug/l NA NA 14100 A NA

Chromium ug/l 6.1 A/B ND(4.7) AJU ND{3.6) A/U 5.3 v/B

Coppsxr ug/1 ND{4} A/U ND{4) A/U ND{3} AUL/B ND{6.1} VU1/B

Iron ug/l RA HA 40.4 A/B NA

Magnesium ugi/l NA WA 9240 A MA

Manganess ug/1 NA HA 8.6 A/B NA

Nickel ug/l 54.4 A ND(30.5) AUl/B 25.5 A/B KBD{24} Vv/U

Potasgium ug/s/l RA A 1630 A/B NA

Sodium ug/l NA NA 42700 A NA

Zinc ug/1 ND(22.5}) AU2 ND{10.9%)} AUl/B 23.1 A ND(23.3) vu2
EPA-150.1

pH pH NA NA NA NA
EPA-300.0

Sulfate mg/l NA NA 22.6 A NA

Hitrate as N mg/l 5.7 A/R 4.7 A 4.5 A/R 11.3 V/R

Chloride mg/Ll NA NA 40.1 A/R NA

orthophosphats ag P mg/l RD(0.2} A 0.4 A 0.35 A 0.28 V

Bromide mg/l A Na NA MNA

Notes: Unite expressed as nanograms (ng), micrograms {ug), milligrams {(mg},
picoCuries (pCi) or million structurea (me} of chemical per liter (1) of water.
NA: Not Aknalyzed.
ND{): Not Detected at a mpecific detection limit. Limit of detection is included in parentheses.
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Table 3.

Station Number:
Sample Depth{fesat):
Sample Number:
Matrisx:

Sample Date:

Lab Sample tumber:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basewide Groundwater Monitoring Annual Report
Fort Ord, California

Date Range: 09/14/93 - 06/14/54

MWw-12-01-180
4.00
9423J312192F
H2O

06/06/94
0761420G07SA

MW-12-02-180
0.00
$337J12006F
H20O

09/15/93
07160500048A

MW-12-02-180
9.00
3402C012006F
H20

01/11/94
D7352300098A

MW-12-02-18B0
0.00
940BJ12095F
H20

02/22/94
07430100038A

Tegt Method/Analyte Name Units value qual value qual value gual value gual
EPA-160.1

Total Digsolved Solids mg/l HA MA 227 & MNA
EPA-160.2

Total Suspended Solids mg/l NA NA 44 A MA
EPA-120.1

gSpecific Conductance at 25 deg. C umhos NA NA NA NA
EPA-INORGANICS

Alkalinity, Bicarb. {am CaCO3} mg/l NA NA 63.8 A NA

Alkalinity, Total {as CaC03} mg/l HA RA 63.8 A MNA
EPA-7041

Antimony ug/l 7.6 A/WB 3.9 AfB 10.1 A ND(2.2) V/U
SM314n

Hardness {(as CaCO]) mg/l NA MA 73.2 R NA

Hotes: Units expressed as nanograms (ng), micrograms (ug), milligrams {(mg),

picoCurieg {pCi) or million structures (ms) of chemical per liter (1) of water.

HA: Not Analyzed.

ND(}: Not Detected at a epecific detection limit.

Report Date:

Limit of detection is included in parenthesss.

Bep 26,
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Tabls 3.

Station Number:
Sample Dapth({feet):
Sample Number:

Matrix:
Samrple Date:

Lab Sample Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Bapewide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 09/14/93 - 06/14/94

MW-12-02-180

MW-12-02-180

MW-12-03-180

MW-12-03-180

4.00 .00 0.00 0.00
95412D012241F 5423J12193F 9337J12007F $402C012001F
R20 H20 H20 H20

03/22/94 06/06/94 09/15/93 01/10/94
074792000938A 0761420008SA 0716050006SA 07352300018

Tast Method/Analyte HNams

COLD VAPOR AR
HMercury
FUAA-EPATOED
Arsenic
FUAR-EPATAZ1

Lead
FUAM-EPATS41
Thallium
METALS BY ICP
Cadmium
Calcium
Chromium

Copper
Iron
Magnegium
Mangansase
Hichel
Potagsium
Sodium
Zine
EPA-150.1
pH
EPA-3100.0
Sulfate

NHitrate as H

Chloride

Orthophosphate as P

Bromide

Units

ug/1
ug/1
ug/l
ug/1

ug/l
ug/l
ug/l
ug/1l
ug/1l
ug/1l
ug/1
ug/lL
ug/l
ug/1
ug/1

pH

mg/l
mg/l
mg/l
mg/1
mg/l

wvalue qual

ND{D.2} A/U
ND{2.5) A/WO
ND{2.9} A/U
ND(Z.1) A/WU

ND{4.3) A/U

value gqual

ND(0.2) A/U
ND(2.5) A/U

ND(2.9) AU

KD{10.5) AJ3/NWU

ND{4.3) A/U

value gual

ND{0.2) A/U
RD(2.4) AU

ND{1.6) A/U

ND{2) AJI/HWU

ND (4.3} AU

value qual

ND(0.2) A/U
ND{2.5) A/U
ND(2.9) AJU
ND{2.1) A/WU

ND{4.3) A/U

NA NA NA 42800 A
ND{3.6) A/U NB(d.7) MU ND(4.7} A/U ND{(3.7} AU2/B
ND{1.8) A/U ND{4} R/U ND(4} AR/U ND({4} AUL/B

NA NA HA 138 A

NA NA BA 28000 A

NA NA RA Bl A

ND{24) A/U ND{27) AU ND{27) AU ND{24) A/U

NA RA HA 2810 A/B

NA KA NA 59500 A
ND(7.6} AU2/B 2.6 A ND{9.1) AUL/B 32.3 A

A NA NA HA

NA NA NA 45.7 A/R

HA B.9 A/R 5.3 A/R 5.2 AJR

NA NA NA 134 A/R

NAa ND{0.2] A ND{D.2) A ND{0.2)} A

RA NA NA NA

Units expressed aa nanograms {(ng), micrograms {ug)}, milligrams {(mg),

picoCuries (pCi) or million structures (ms} of chemical per liter (1} of water.

HA: Not Analyzed.

ND(): Not Detected at a gpecific detection limit.

Report Date:

Sep 26,

Limit of detection ims included in parenthesss.

1994
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Table 3.

Station Number:
Sampls Depth(feet):

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basewide Groundwater Monitoring Annual Report’
Fort Ord, California
Date Range: 09/14/93 - 06/14/9¢

MW-12-02-180
0.00

Mw-12-02-~180
.00

MW-12-03-180
¢.00

MW-12-03-180
0.00

Sample Number: 9412D012241F 9423J12193F 9337J12007F 9402Cc012001F
Matrix: H20 H20 H20 H20
Sample Date: 03/22/94 06/06/94 03/15/83 D1/10/94
Lab Sample Number: 07479200098A 076142000838A 07i60500065A 07352300018A
Tegt Method/Analyte Hams Units value gual value qual valua gqual value gqual
EPA-160.1
Total Dissolved Solidx mgfl HA NA HA 481 A
EPA-1560.2
Total Suspended Solids mg/l HA HA HA 73 A
EPA-120.1
gpecific Conductance at 25 deag. umhog NA NA NA NA
EPA-INORGANICS
Alkalinity, Bicarb. {as CaCo0O3) mg/ 1 NA NA HA 97.3 A
Alkalinity, Total {as CaCO3} mg/l NA NA NA 97.3 A
EPA-T041
Ant imony ug/l ND{2.2) A/WU 6.4 A/uB 5.6 A/B 3.4 A/B
SMI1dA
Hardness {(as CaCO3} mg/l NA NA NA 222 A
Notes: Unite expressad as nanograme (ng}, micrograms (ug), milligrams (mg).

picoCuries (pCi} or million structuree {me} of chemical per liter (l} of water.

MNA: Hot Analyzed.

ND{}: Not Datectmd at a specific detection limit.

Limlt of detection is included in parsntheses.

Report Date:

Sep 26,
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Table 3.

Station Numbsr:

Analytical Regults for Inorganic Compounds Detected in Groundwater Samples

Baseawide Groundwater Monitoring Annual Report

Fort Ord, California

Data Rangs: 09/14/93 - 06/14/9%4

MW-12-03-180

MW-12-03-180

MW-12-03-180

MW-12-04-1B0

Sample Depth{feat): 0.00 a.00 09.00 0.00
Sampls Number: 940BJ12096F 9412D012244F 9423312194¥ 9337J12011F
Matris: HI0 H20 H20 H20
Sample Date: 02/22/94 03723794 06/06/94 09/16/7/93
Lab Sample Number: 07430100048 07479200128a 076142000938A 07162700088A
Test Method/Analyte Name Units valone ¢gual value gual value gual wvalue gual
COLD YAPOR AA
Mercury ug/l ND{0.2) V/U WD{0.2} AR/U ND{0.2) AU ND{0.2} ASU
FUMA-EPATOGD
Armenic ug/l ND{2.5) v/U ND{2.5) A/WU WD{Z.5) A/WU RD{2.4) A/U
FUAA-EPATAZ1
Lead ug/l ND{2.%) v/U ND{2.5} A/U 5.7 A/W ND{l1.6} A/U
FUAR-EPATEBAL
Thallium ug/l ND{10.5} VJI3/NWU RD(21) A/EU ND{10.5} AJ3I/NWU ND{2) A/U
HMETALS BY ICP
Cadmium ug/1 ND{4.3) v/U ND{4.3} AU ND(4.3) A/U ND(4.3) A/U
Calcium ug/l NA HA NA NA
Chromium ug/l ND{3.6) V/U ND(3.6} A/U ND(4.7} AU ND{4.7) A/U
Copper ug/1l ND(4.3) VUl/B ND(3.3) AUL/B HD{4} A/U 5.4 A/B
Iron ug/lL KA NA NA NA
Magnesium ug/l NA NA NA NA
Manganess ug/i NA HA NA NA
Nickel ug/l ND{2&) V/U ND[24) ASU ND{27) ASU ND{27) A/U
Potassiom ug/1l HA NA RA NA
Sodlum ug/L RA NA NA NA
Zinc ug/l ND{21.6) vU2 ND{22.9) AU2 32 A 30.1 A
EPA-150.1
PpH pH NX NA HNA NA
EPA-3100.0
Sulfate mg/1 NA NA NA NA
Micrata as N mg/1 5.9 v/R KA 4.5 A/R 9.1 A/R
Chloride mg/l NA RA HA MR
orthophosphate as P mg/l ND{0.2)} V NA ND{0.2) A 0.29 A
Bromide mg/l HA NA MNA NA
Noteg: Units expressed as nanograme (ng)}, microgreme (ug), milligrams (mg),
picoCuries {pCi) or million structures (ms) of chemical per liter {1} of watar.
NA: Not Analyzed.
ND{): Not Detected at a specific detection limit. Limit of detection is included in parsentheses.
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Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Bagewlde Groundwater Monitoring Annuml Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

Station NMumber:
Sample Depth{fest):

MW-12-03-1B0
0.00

MW-12-03-180
0.00

MW-12-03-180
0.00

MW-12-04-180
0.900

Sample Number: 940BJ12096F 9412D012244F 9423712194F 9337J12011F
Matrix: H20 H20 H2O0 H20
Sample Date: 02/22/94 03/23/94 06/06/94 09/16/93
Lab Sample Number: 07430100048 07479200128A D7614200098A 0716270008SA
Tast Method/Analyta HName Units value gual value gual value gual value gual
EPA-160.1
Total Dissolved Holildme mg/l NA HA NA NA
EPA-160.2
Total Suspended Solids mg/l NA NA NA NA
EPA-120.1
gpecific Conductance at 25 deg. C umhos NA NA NA NA
EPA-~-INORGANICS
Alkalinity, Bicarb. {as CaC03} mg/L HNA HA NA MA
Alkalinity, Total (as CaCO03) mg/l NA NA NA NA
EPA-7041
Antimony ug/1 ND{2.2) V/U 6.5 A/WE WD{2.2)} A/WU 4.9 A/B
BM314A
Hardnessa {ams CaCO}) mg/l NA NA NA NA

Notes:

Units expressed as nanograms {(ng)}, micrograms {ug), milligrams (mg),

picoCuries (pCi} or million structures {ms) of chemical per liter (1} of water.

MA: Not Analyzed.

ND({}: Not Detected at a specific detectlion limit.

Limit of detection is included in parentheses.

Report Date:

Sap 26,

1994
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Table 3. Analytical Resulte for Inorganic Compounds Destected in Groundwater Samples
Bapewide Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

Station Number:

MW-12-04-180

MW-12-04-180

MW-12-04-1B0

MW-12-04-180

Sample Depth({feet): 0.00 0.00 a.00 0.00
Sample Number: 9402C012021F 9408312097F 9412D012235F 9423312195F
Matrix: H20 H20 H20 H20
Sample Date: 01714794 02/22/94 03/21/94 06/07/94
La} Sample Number: 07355700028A 07430100058 07479200038A8 07614200148A
Test Method/Analyte Name Units valus gual value gual value qual value gual
COLD VAPOR AA
Mercury ug/l 0.3 A ND{0.2) V/U ND(0.2) A/U WD(D.2) AU
FUAA-EPAT060
Arsenic ug/1 ND(2.5}) A/U ND{2.5) V/U ND{2.5)} A/WU ND{2.5) A/U
FUAA-EPATA21
Lead ug/l ND{2.9} A/U ND(2.9) V/U ND{2.%) AU ND{2.9} A/U
FURA-EPATB4L
Thallium ug/l ND{2.1) AJ3/HWU ND{2.1) VJI3/NWU ND{2.1) A/WU ND{10.5} AJ3/NU
METALS BY ICP
Cadmium ug/l ND{4.3) A/U ND({4.3) V/U ND(4.3) AU ND{4.3) AU
Calcium ug/L 21500 A/E HA HA NA
Chromium ug/1l RD{3.6) A/U 5.7 ¥v/B ND(3.6) A/U ND({4.7) A/U
Copper ug/1 ND(l.8) A/U ND{d.6) VU1i/B ND(l1l.8) A/U ND(11.4) AUL/B
Iron ug/l HD({56.3} AUl/B NA NA NA
Magnesium ug/l 12800 A NA NA NA
Manganese ug/1l 36 A NA NA NA
Nickel ug/l ND(24) A/U ND{24} V/U ND{24) A/U ND{27) A/U
Potagsium ug/l 1970 A/B HA NHA NA
Sodium ug/l 64100 A HA NA NA
Zinc ug/l ND(35.1) AUl ND{26.1) VU2 ND{14.5) AU2/B ND{16.8) AU2/B
EPA-150.1
PH pH NA NA NA NA
EPA-300.0
Sulfate mg/l 40.1 A/R NA NA NA
Nitrate as N mg/l 7.4 AR 6.5 V/R HA 6.3 AR
Chloride mg/l 70.3 A/R RA NA NA
Orthophosphate as P mg/l 0.21 A 0.27 ¥ HNA 0.33 &
Bromide mg/l HA WA HA NA
Notes: Units exprasmssd as nanograme {ng), micrograms {ug), milligrams (mg),

picoCuries {(pCi} or million structures (ms} of chemical per liter (1) of water.

MA: Not Analyzed.
ND{]): Not Detected at a specific detection limit. Limit of detection is included in parentheses.
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Table

gtation Number:

Sample Depth{fest):

Sample Number:

Matrix:
Sample Date:

Lab Sample Number:

3.

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Pasewide Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 03/14/93 - 06/14/94

MW-12-04-180 MW-12-04-180

0.00 .00
3402c012021F 940B8J12097F
H20 H20

01/14/94 02/22/94
G7353700028A 07430100058A

MW-12-04-180
0.00
3412D012235F
H20

03/21/94
07479200038A

MW-12-04-180
0.00
9423J12195F
H20

06/07/94
07614200148N

Test Method/Analyte Name

EPA-160.1

Total Dlsgsolved Solids
EPA-160.2

Total Suspended Solide
EPA-120,1

Specific Conductance at 25 deg. C

EPA~INORGANICS

Alkalinity, Bicarb. {(ams CaC03)
Alkalinity, Total {as CaCO3}
EPA-7041
Antimony
SM3I14A

Hardnegs (aB CaC0l)

Units

mg/l
mg/l
umhos

mg/l
mg/l

ug/l

mg /L

value qual valus gual

11 A NA
220 A NA
HA HA
53.5 A MNA
53.5 A HA

ND{6.9} AU2/B ND{2.2) Vv/U

108 A HA

value qual

HA

NA

2.3 A/B

valus gual

NA
NA

HA

5.7 A/B

Notes:

ND{): Not Detected at a specific detectlion limit.

Units expressed as nanograms {ng), micrograms {(ug), milligrams {(mg],

picoCuries (pCi} or million structurea {(ms} of chemical per liter (1} of water.

NA: Not Analyzed.

Report Date:

Limit of detection is included in parentheses.

Sep 26,
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Table 3.

Station Number:

Analytical Results for Inorganic Compounds Detectad in Groundwater Samples

Basewide Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

MW~12-05-180

MW-12-05-180

MW-12-05-180

MW-12~05-~180

Sample Dapth{feet): 0.00 0.00 0.00 .00
Sample Number: 9337312012F 9403C012009F S5408112001F 9412D012243F
Matrix: H20 H20 H20 H20
Sample Date: 09/16/93 01/18/94 92/22788 03/23/94
Lab Sample Number: 07162700098A 0735970017S8A 07430100063A 07479200118
Tast Mathod/Analyte Name Unite value gual value qgual value gual value qual
COLD VAPOR AM
Mercury ug/l ND{0.2} A/U ND{0.2} AU ND(D.2) V/U ND{0.2}) A/U
FUAA-EPAT060
Arsgenlc ug/l ND(Z.4) A/U ND{2.5) A/WU NB{2.5} V/U ND(2.5) A/U
FUAAR-EPAT421
Lead ug/1l ND{1.6) A/U ND{2Z.%) A/UT ND(2.9) w/U ND(2.9) AU
FUARA-EPATB41
Thallium ug/l ND{2} A/U ND{2.1) AJI/NU ND{2.1} VJ3/NWU ND{21) A/WU
METALS BY ICP
Cadmiam ug/l ND{4.3) ASU ND(4.3) AU ND{4.3) V/U ND{4.3) A/U
Calcium ug/1 NA 24100 A/E RA NA
Chromium ug/l ND{4.7) A/U ND{3.6} A/U ND{3.6) wv/U ND{3.6} A/U
Copper ug/l ND{&} A/U ND({15.9) AUL/B WND(11) vUl/B ND{9.4} AUL/B
Iron ug/1l NA WD(23.8) AUl/B NA RA
Magnesium ug/1l NA 16800 A HA NA
Manganese ug/l NA 7.2 A/B NA NA
Nickal ug/l ND{27) AJU ND{24} A/U WD(24) v/U ND{24} A/U
Potammsium ug/l NA 2530 AfB NA NA
Sodium ug/l NA B5100 A HA HA
Zinc ug/l 20.1 & SB.1 A ND({63.9) vuz ND{32.5) AU2
EPA-150.1
pH pH BA HA NA Na
EPA-300.0
Sulfate mg/l NA 37 AR MNA NA
Nitrate as N mg/l 15.5 A/R 14 A/R 10.3 V/R HA
Chloride mg/L NA BB A/R RA NA
orthophosphate as P mg/1 ND{0.2) A ND(0.2} A KD(0.2) ¥ MA
Bromide mg/1 NA WA NA HA

Notes:

Units expressed as nanograme {ng), micrograme (ug), milligrame (mg),
picoCuries {(pCi} or million structures {(ms) of chemical per liter (1} of water.

HA: Hot Analyzed.

ND{): Not Detected at a spacific detection limit.

Report Date: Sap 26,

Limit of detection ie included in parenthegmes,

1994

Page 45 of 104



Table 3.

Station Mumber:
Sample Depthifest):

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Bapewide Groundwater Monitoring Annual Report
Fort Ord, California

Datm Range: 09/14/93 - 06/14/94

MW-12-05-18B0
o.00

MW-12-05-180
0.900

MW-12-05-180
0.00¢

¥W-12-05-180
0.00

Sample MNumber: 9337J12012F 9403C012009F 9408112001F 541200122437
Matrisx: H2O0 H20 H20 H20
Sample Date: 09/16/53 01/18/94 02/22/54 63i/23/94
Lab Sample Number: 07162700098A 07353700178A 07430100068A D7479200118A
Tast Method/Analyte HName Unita valus gual value qual value gual value gual
EPA-160.1
Total Dissolved Sclids mg/l NA 415 A NA HA
EPA-160.2
Total Buspsnded Solids mg/l NA 17 A NA NA
EPA-120.1
Specific Conductance at 25 deg. C umhos HA NA HA NA
EPA-INORGANICS
Alkalinity, Bicarb. {as CaC03) mg/l NA 85.2 A NA NA
Alkalinity, Total {as CaC03) mg/l NA 85.2 A NA NA
EPA-7041
Antimony ug/l 7.1 A/B ND{7.6) AU2/B ND{7) vU2/B 4.5 A/B
SMI14N
Hardness {as CaC0l) mg/L NA 129 A NA NA
Noten: Units expressed as nanograms {ng}, micrograms (ug), milligrams {mg).,

picoCuries (pCi) or million structures {ms) of chemical per liter (1) of water.

NA: Not Analyzed.

ND{}: Not Datected at a specific detection limit.

Limit of detection is included in parenthesen.

Report Date:

Sep 26,
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Table 3.

Station Number:
Sample Dapth{fest):
Sample Number:
Matrix:

Sample Date:

Lab Sample Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Basewide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 09/14/%3 - 06/14/94

MW-12-05~-180

MW-~12-06-180

MW-12-~06-180

MW-12-06-~180

0.00 0.00 4.00 Q.00
94237121967 9337312013F 9349J12064F 5403C012006F
H20 HZO H20 H20

06/07/94 09/16/93 12/07/93 01/18/94
07614200158A 07162700108A 07303300188A B7353700135A

Tast Mathod/Analyte Hame

COLD VAPOR AM
Mercury
FUAA-EPAT 060
Armenic
FUAR-EPA7421
Lead
FUAA-EPATE4L
Thallium
METALS BY ICP
Cadmium
Calciom
Chromium
Copper
Iron
Magnesium
Hanganegs
Nickel
Potassium
Sodium
Zinc
EPA-150.1
PH
EPA-300.0
Sulfate
Nitrate as N
Chloride
Orthophosphate as P
Bromids

Unita

ug/1
ug/l
ug/l
ug/l

ug/l
ug/l
ug/1
ug/l
ug/l
ug/1l
ug/l
ug/l
ug/l
ug/l
ug/l

PH

mg/l
mgil
mg/l
mg/sl
mg/l

valus gual

value qual

valua gqual

value qual

ND{0.2) ASU ¥p(0.2) AU HA ND(0.2) AJU
RND(2.5) A/U ND{2.4} A/U NA ND{2.5) ASwWU
ND{Z2.9) A/U ND{i.6) A/U NA ND{2.9) A/U
ND{10.5) AJ3I/NU ND{2} A/WU HA ND(2.1) AJ3I/NWU
ND{4.3}) A/U ND{4.3)} AU HA ND{4.3) A/U
HA NA 49200 vJI4/E 56500 A/E
HD(4.7) A/U 4.8 A/B NA 5.5 A/B
ND(4) &/U 13.7 A/B NA ND{7.3} AUl/B
MNA NA NA ND{(15) A/U
NA NA 22800 VJ4/E 28500 A
NA HA 21 2.8 A/B
ND{27} A/U ND{27} AU HA HD{24) A/U
NA KA 2600 V/B 3550 A/B
NA HA 56000 v 66100 A
ND(3.1} AUL/B 30.1 A NA ND{52.1) AUL
HA NA 7.5 v HA
HA HA 61.6 V/R 55.4 A/R
14.8 A/R 2 A v 3.1 A
HA NA, 107 V/R 116 AR
ND{0.2}) & ND[0.2} A NA ND({0.2)} A
HA NA NA NA

Notes:

Units expressed ag

picoCuries {pCi)

MA: Mot Analyzed.

ND{): Not Detected at a specific detection limit.

nancgrams (ng), mlcrograms {ug), milligrams (mg}.
or million structures {(ms) of chemical per liter {1) of water.

Limit of detection is included in parenthemes.

Report Date: Sep 26,
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Table 3. Analytical Results for Inorganic Compounds Petected in Groundwater Samplesm
Baaawide Groundwater Monitoring Annual Report
Fort ord, Califorania
Date Range: 09/14/93 - 06/14/94

Station Mumber:
Sampla Dapth(feet):

MW-12-05-180
0.00

MW-12-06-180
0.00

MW-12-06-180
0.00

MW-12-06-180
0.00

Sample Number: 9423J12196F 5337J312013F 9349T12064F 9403C012006F
Matrix: H20 H20 H20 H20
Sample Date: 06/07/54 095/16/93 12707793 0l/18/94
Lab Sample Number: 07614200158 07162700108A 07303300188A 07355700138
Test Method/Analyte Name Unitse value gual value qual valua gual value gual
EPA-160.1
Total Dimsolved HSolids mg/l NA MA dB4 Vv 456 A
EPA-160.2
Total Suspended Solids mg/l NA NA NA ND(5) A
EPA-120.1
Speclflc Conductance at 25 deg. C umhos HA WA 709 v NA
EPA-INORGANICS
Alkalinity, Blcarb. {as CaCO3} mg/1l HA HA 133 ¥ 135 A
Alkalinity, Total (as CaCo0l) mg/l NA NA 133 ¥ 135 A
EPA-7041
Antimony ug/l ND{2.2) ASU 6.6 A/B HA MD(B.7) AU2/B
SM314R
Kardneas {as CaC0l} mg/Ll HA HA NA 262 A
Notes: Units expresased as nanograms {ng)}, micrograms (ug), milligrams {mg),

picoCuries (pCi) or million structures (ma) of chemical per liter (1) of water.

NA: Not Analyzed.
ND(): Not Detected at a specific detection limit. Limit of detection is included in parentheses.
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Table 3.

Statlon Number:

Analytical Remults for Inorganlic Compounds Detected in Groundwater Samples

Basswide Groundwater Monitoring Annual Report
Fort Ord, California

Date Range: 09/14/93 - 06/14/94

MW-12-06-180

MW-12-06-180

MW-12-06-1B0

MW-12~07-180

Sampla Depth(feet): 0.040 0.00 0.00 0.00

Sample Number: 94081I12005F 9412D012233F 9423J12197F 9402Cc012023F

Matrix: H20 H20 H20 H2C

Sample Date: 02/22/94 03/21/94 06/07/94 01714794

Lab Sample Number: 07430100108A 0747920001SA 07614200178A 07359700045A
Test Mathod/Analyte Name Unite value gqual values gual value gual valus gual

COLD VAPOR AM

Marcury ug/1l No{0.2}) v/u ND(D.2) A/U ND(0.2) A/U ND{0.2} A/U
FUAA~EPATOG0

Argenic ug/l ND(2.5) v/U RD{2.5} A/WU HD{2.5} AU RD({2.5) A/WU
FUARA-EPATAZ2L

Lead ug/l ND{2.9) v/U ND{2.9} A/U ND(2.9) A/U ND{2.9} ASU
FURA-~EPAT84L

Thallium ug/l ND{10.5) VJI3/NU RD(21) A/WU ND(10.5} AJ3/NWUC ND{2.1) AJI/NU
METALS BY ICP

Cadmium ug/1l ND(4.3} v/U WD(4.3) ASU ND{4.3) A/U ND(4.3) A/U

Calcium ug/l NA NA NA 29200 A/E

Chromium ug/l 7.2 v/B RD{5.8) AU2/B 6 A/B ND{3.6)} A/U

Copper ug/1l MD(18.7} VUl/B NP{2} AULN/B ND{4) AU ND{6.1} AUl/B

Iron ug/l HA HA MA KD{16.6) AUl/B

Magnesium ug/l HA NA NA 17300 A

Manganess ug/1l NA NA NA 47.1 A

Nickel ug/1l HD{24} V/U ND({24) AU ND{(27} AR/U ND{24) ASU

Potassium ug/1 HA NA HA 2890 A/B

Sodium ug/1l NA NA MA. 73800 A

zinc ug/l Bd.6 Vv ND(5.3) AU2/B ND({50.8} AUl ND{34.1} AUl
EPA-150.1 .

pH pPH NA HA NA HA
EPA-300.0

Sulfate mg/l MA NA NA 30.8 A/R

Nitrate ag N mg/l 2.6 V HA 2.3 A 3.8 A/R

Chloride mg/1 NA MA NA 68.4 A/R

orthophosphate as P mgfl ND({D.2) ¥ NA ND(D.2) A ND{(D.2) A

Bromide mg/l NA NA NA NA

Notes: Units expressed as nancgrams {ng}, micrograms {ug), milligrasms (mg),

picoCuries (pCi) or million structures {me} of chemical per Iiter (1) of water.

NA: Neot Analyred.

ND{): Mot Detected at a specific detection limit.

Limit of detection is included in parsntheses.

Report Date: Sep 26,
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Table 3. Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Bagewide Groundwater Monltoring Annual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

Station Mumber:
Sample Depth(feet):
Sample Number:
Matrix:

Sample Date:

Lab Sampls Number:

MW-12-06-1B0
g.00
9408112005F
H20

02722794
07430100108A

MW-12-06-180
0.00
9412p012233F
H20

03/21/94
07475200018

MW-12-06-180
0.00
9423312197F
H20

06/07/94
07614200178A

MW-12-07-180
0.00
5402C012023F
H20

01714794
07359700043A

Tast Method/Analyte Name Units valus gual value gqual valus gual value gqual
EPA-160.1

Total Dissolved Solids mg/l HA NA NA 394 A
EPA-160.2

Total Suspended Solids mg/l NA NA HA 6 A
EPA-120.1

Specific Conductance at 25 deg. C umhos NA NA NA HA
EPA-INORGANICS

Alkalinity, Bicarbh. (as CaCoO3} mg/l NA HA NA 122 A

Alkalinity, Total {as CaCo03} mgrsl NA NA NA 122 A
EPA-T7041

Antimony ug/l R®D{3.7) VU2/B 3,9 A/P ND{2.2) A/U ND({7.7}) AU2/WB
SM3I14A

Hardneds {as CaC03l) mg/1 HNA HA NA 144 A

Notes:

Units sxpressed ag nanograms (ng}, micrograms {ug}, milligrams (mg).,
plcoCuries {(pCi) or million etructures (ms) of chemical per liter (1) of water.

HA: Hot Analyzed.
ND(}: Mot Detected at a apeclfic detection limlt. Limit of deatection is included in parentheses.

Report Data: Sep 26, 1954 Page 50 of 104



Table 3.

Station Humber:
Sample Depth(fest):
Sample Numbear:
Matrix:

Sample Date:

Lab Sample Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Basewlds Groundwater Monitoring Annual Report

Fort Ord, Califormnia

Date Range: 09/14/93 - 06/714/94

MW-12-07-1B0
0.00
940BI12003F
H20

02/22/794
0743010008SA

MW-12-07-180
0.00
941200122407
H20

03722794
07479200085A

MW-12-07-1840
0.00
9423J12199F
H20

06/07/94
07614200198A

MW-12-08-180
0.00
9402C012024F
H20

01/14/94
07359700053A

Tent Method/Analyte NHame

COLD VAPOR AA
Mercury
FUAR-EPATO60
Argenic
FUAR-EPAT421
Lead
FUAM-EPATH4L
Thalliuwm
METALS BY ICP
Cadmium
Ccalcium
Chromium
Copper
Iron
HMagnesium
Manganese
Nickal
Potaggium
Sodium
Zinc
EPA-150.1
pPH
EPA-300.0
Sulfate
Nitrate as N
Chloride
orthophoaphate as P
Bromide

Unite

ug/l
ug/l
ug/l
ug/l

ug/l
ug/l
ug/l
ug/l
ug/1
ug/l
ug/l
ug/l
ug/l
ug/lL
ug/l

pPH

mg/fl
mg/l
mg/l
mg/1
mg/l

wvalus qual

ND(0.2} v/U
ND{2.5) v/U
ND{2.9%) V/U
ND(2.1} VI3I/NWU

ND{4.3) V/U
RNA
ND{3.6) V/U
ND{6.7) VU1/B
HA
NA
NA
ND({24) v/UO
RA
NA
RD(43.2) vU2

NA

A
14 v/R
NA
ND{0.2) v
NA

value gual

ND{0D.2) AfU
ND{2.5) AU
ND{2.9) AU
RD{21) A/wU
ND{4.3) A/U

NA
ND{3.6) A/U

RD(14.3) AUL/B

NA
NA
NA
ND{24) A/U
HA
MA
36.6 A

MiA

58

NA
NA

value gual

ND{0.2) AU
ND{2.5} A/U
ND(2.9) A/U
ND{2.1) AJII/NWU

ND{4.3}) A/U

NA

ND{4.7) AU

19.3 A/B
WA
HA
NA

ND{27) A/U

NA
HA

ND{17.6} AU2/B

MNA

HA
7.8 A/R
NA

Np{0.2}) A

NA

value gual

ND{0.2} A/U
ND{2.5) A/WU
ND(2.9) A/U
HD{2.1)} AJ3I/NU

WD{4.3) AU
12300 A/E
WD{3.6) A/U
ND{5.5) AUl/B
RD(15) AU
7100 A
24.8 A
ND{24) A/U
2490 A/B
52400 A
ND(3%.8) Aul

NA

19.5 A
5.8 AR
37.8 A/R
ND{0.2} A
NA

Notes:

Units expressad ag nanograma (ng}, micrograms {ug), milligrams (mg),

picoCuries {pCi} or million structures {me} of chemical par liter {1) of water.

HA: Not Analyzed.

HD()}: Not Datected at a epecific datection limit.

Limit of detection is included in parenthesgse.

Report Date:

Seap 26,
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Table 3. Analytical Resultz for Inorganic Compounds Detected in Groundwater Samples
Basewlde Groundwater Monitoring Annual Report
Fort Ord, California
Date Range: 09/14/93 - 06/14/94

Station Number:
Sample Depthi{feet):

Mw-12-07-180
40.00

¥W-12-07-~180
a.00

MW-12-07-180
4.00

MW-12-08-18¢
0.00

Sample Number: 940BI12003F 9412p012240F 9423J312195r 9402C012024F
Matrix: H20 H20 H2O HZD
Sample Date: 02/22/94 03/22/94 06/07/94 01714794
Lab Sample Rumber: 07430100088Aa 07473200088A 07614200198A 07359700058A
Test Mathod/Analyte Name Units value gual value gual valus gual value gual
EPA-160.1
Total Digsolved Solide mg/l NA NA MA 242 A
EPA-160.2
Total Suspsndad Solilds mgsl RA BA NA 42 A
EPA-120.1
Specific Conductancs at 25 deg. C umhos NA NA NA NA
EPA-INORGANICS
Alkalinity, Blcarb. {as CaC03l) mg/l HA NA NA 64.4 A
Alkalinity, Total (ag CarCcl) mg/l HA HA NA 4.4 A
EPA-T041
Ant imony ug/l ND{3.3) VU2/B 5.3 A/B 4.9 A/WB ND({4.8) AU2/B
SMIA14A
Hardness {(as Caco3} mg/l NA MA HA 55.% A

Notes:

Units expressed as nanograme {ng), micrograms {ug), milligrams (mg),

picoCuries {pCi} or million mtructures {ms) of chemical par 1liter (1} of water.

MA: Mot Analyzed,

ND(}): Not Detected at a specific detsction limit.

Limit of detection is included in parenthases.

Report Date: Sep 26,
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Table 3.

Station Number:
Sample Depth(feet):
Sample Number:
Matrix:

Sample Date:

Lab Sample Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Sampleg

Basewlide Groundwater Monitoring Annual Report
Fort Ord, California

Date Range: 05/14/793 - 06/14/94

HW-12-08-180
0.00
9408J12095F
H20

02/23/94
07430100178SA

Mw-12-08-180
0.00
9412D012238F
H2O0

03/22/94
07479200068A

Mw-12-08-180
J.00
9423712200F
H20

06/07/94
07614200208A

MW-12-09-180
0.00
9403C012008F
HZO0

01/1B/94
07359700158A

Test Method/Analyte Name

COLD VAPOR AR
Mercury
FUAA-RPATOGO
Arasnic
FUAA-EPATA21
Lead
FUAA-EPATSAL
Thallium
METALS BY ICP
cadmium
Calcium
Chromiam
Coppar
Iron
Magnesilum
Manganega
Nickel
Potapsium
Sodium
Zinc
EPA-150.1
pH
EPA-300.0
Sulfatse
Hitrate as N
Chloride
Oorthophosphate as P
Bromide

Units

ug/l
ug/l
ug/1
ug/l

ug/l
ug/l
ug/1
ug/1l
ug/fl
ug/l
ug/l
ug/l
ug/l
ug/l
ug/L

pH

mg/l
mg/l
og/l
mg/ L
mg/l

valua qual

ND{0.2) Vv/U
ND(2.5} V/U
ND{2.9) v/U
ND({2.1) VI3/NU

ND{4.3} v/U

NA

ND{3.6}) V/U
ND(1.8) VUl/B

NA
NA
NA
HD{Z4) V/U
RA
HNA

ND{24.4) vU2

NA

Na
6.2 ¥/R
NA
0.2 v
HA

value gual

ND{0.2) AU

KD(2.5) AU

ND (2.9} ASU

wDR(10.5) AJU

KD(4.3} A/U

NA

ND{3.6) AU
ND{1.8) A/U

HNA
NA
WA
ND{24) A/U
HA
MNA

ND{6.6)} AU2/B

HNA

NA
HA

BA
RA
MNA

value gual

WND(D.2} AU
ND{2.5) A/U
ND{2.%9) A/U
ND{2.1) AJISNU

ND{4.3) A/U

HA

ND(4.7}) AU

KD{4) A/U
NA
NA
NA

ND{27) A/U
NA
MA

WD(1.8) AUL/B

NA

value gual

WD{0.2} A/U
ND{2.5) A/WU
ND{2.9} A/U
ND{2.1} AJ3/NWU

'ND(4.3) A/U
23500 A/E
ND{3.6) A/U
ND(16.6} AUL/B
RD{18.9) AULl/B
12900 A
44.8 A
ND(24) A/U
3680 A/B
69400 A
ND(85.4) AUl

NA

45.3 A/R

3.6 A/G

B3 A/R
ND{0.2} A
RA

Notas:

Units exprepgsd as nanograms {(ng), micrograms {(ug), miiligrams {mg),

picoCuries {pCi} or million atructures (me} of chemical pear liter {l) of water.

HA: Not Analyzed.

ND{): Not Detected at a specific detection limit.

Limit of detsction 1s included in parenthemes.

Report Date:

Sep 26,
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Table 3.

Station Numbar:
Sample Deapth{feat):

Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Pasewide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 09/14/93 - 06/14/94

MW-12-08-1B0
4.00

MW-12-08-180
0.00

MW-12-08-180
G.00

MW-12-09-180
0.00

Sample Number: 940BJ12099F 9412p012238F 5423J12200F 9403C012008F
Matrix: H20 H20 H20 H20
Sample Date: 02723794 03/22/94 06/07/94 01/18/94
Lab Sample Humber: 07430100178A 07479200068A 07614200208A 07355700158A
Test Method/Analyte tame Unite value gual valus gual value qual valua qual
EPA-160.1
Total Dissolved Solids mg/1l NA NA N& 345 A
EPA-160.2
Total Suspended Solids mg/l HA NA MA ND(5) &
EPA-120.1
gpacific Conductance at 25 deg. C umhos NA NA NA HA
EPA-INORGANICS
Alkalinity, Bicarb. (as CaCO03) mg/1l NA NA NA 61L.7 A
Alkalinity, Total {(ap CaC03} mg/l NA NA NA 61.7 A
EPA-T7041
Antimony ug/l ND{2.4} VU2/B ND{2.2) AU ND{2.2) A/U ND(6} AU2/B
SM314M
Hardness (as CaCO3} mg/L MA NA NA 112 A

Notena:

Units expressed ag nanograms {ng}, micrograme (ug), milligrams {mg},

picoCuries (pCi) or million structures {ms) of chemical per liter (1} of water.

NA: Not Analyzed.

ND{): Not Detected at a spacific detaction limit.

Limit of detection is included in parentheses.

Report Date:

Sep 26,

1994
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Table 3.

Station Number:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Bapewide Groundwater Monitoring Annuml Rsport

Fort Ord, California

Date Range: 03/14/93 - 06/14/94

MW-12-09-180

MW-~12~09-180

MW-12-09-180

MW-12-10-180

Sample Depth(feet): 0.00 D.00 0.00 0.00
Sarple Numbar: 940BJ12100F 94120012237F 9423J312202F 9408J12101F
Matrix: H20 H20 H20 H2D
Sample Date: 02/23/94 03/22/94 D6/0B/94 02723794
Lab Sample Number: 07430100188a 07479200058 07616800128A 07430100158A
Test Mathod/Analyte Name Units value gual value qual value qual wvalue gqual
COLD VAPOR AMA
Marcury ug/l ND{0.2)} V/U ND{0.2} A/U ND(D.2) AJU ND{D.2) V/U
FURR-EPATO6(0
Arsenic ug/l ND{2.5) V/U ND{2.5) A/U WD{2.5) AU ND(2.5} v/U
FUAR-EPAT421
Lead ug/1l ND{2.9) Vv/U ND{2.9%} A/U ND{2.9) A/U ND{2.9) v/U
FUAA-EPATE41
Thallium ug/l ND{Z.1l) VJI3I/NWU WD(21) A/WU ND{2.1} AJ3/NWU ND{10.%) VJI3/NU
METALS BY ICP
Cadmium ug/l ND(4.3}) VW/U ND{4.3} AU ND(4.3) AU wD{4.3) v/U
Calcium ug/l WA HA NA N
Chromium ug/1 ND{3.6} V/U HD{6.1}) AU2/B 3.7 AfB ND{3.6} V/U
Copper ug/l ND(5.8) VUl/B ND({10.3} AUl/B 6.1 A/B ND(26.3) vUl
Iron ug/l HA NA HA HND(15) v/U
Magnesium ug/l NA NA HA NA
Manganesges ug/l WA NA NA 503 v
Nickel ug/1 ND{24) v/U ND({24) A/U ND{24) AU 28 v/B
Potassium ug/l NA NA NA MNA
Sodium ug/l NA NA MA NA
Zinc ug/1 HD{8.1) VU2/B ND{27.4) AU2 a1.4 A 81.8 v
EPA-150.1
PH PR BA Na NA 6.5 V¥
EPA-300.0
Sulfate mg/l WA HA NA NA
Nitrate na N mg/fl 4.1 v NA 4.4 A 7.3 ¥/R
Chloride mg/1 NA HA NA NA
orthophosphate as P mg/l ND{0.2} V NA ND{D.2) A ND(0.2) V¥
Bromide mg/l NA NA NA HA

Notes:

Units expressed as nanograms (ng}, micrograms (ug), milligrams {mg},

picoCuries (pCi) or million structures (me) of chemical per liter (1) of water.

WA: Not Analyzed.

NWD{}: Not Dstectad at a specific destsction limit.

Report Date: Sap 26,

Limit of detection is included in parentheses.
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Table 3.

Station Number:
Sample Depthi{fest):

Analytical Results for Inorganic Compounds Detected in Groundwater Samples
Basewide Groundwater Monitoring Annual Report

Fort Ord, California

Date Range: 09/14/93 - 06/14/94

MW-12-09-180
0.00Q

MW-12-09-1840
0.00

MW-12-09-180
0.00

PW-12-10-180
0.00

Sample Mumber: 9408.J12100F 9412D012237F 9423712202¥F 9408J12101F
Matrix: H20 H20O H20 H20
Sample Date: 02/23/94 B3/22/94 06/08/94 02/23/94
Lab Sample Number: 074301001858 074792000584 07616B0012SA 07430100198A
Teast Method/Analyte Name Unita wvalus gqual value gual valus gqual value qQqual
EPA-160.1
Total Dimsolved Solids mg/l NA NA HA 713 ¥
EPA-160.2
Total Suspended Solids mg/l NA HA NA ND({5) ¥
EPA-120.1
gpecific Conductance at 25 deg. C umhos NA MA NA 1150 V
EPA-INORGANICS
Alkalinity, Blcarb. {as CaC03l) mg/L NA NA MA 229 v
Alkalinity, Total (as CaC03) mg/l NA NA NA 229 v
EPA-T041
Antimony ug/1 ND{Z.2) v/ 7 A/B ND{2.2) A/U ND{1.5) V/U
SMI1AA
Hardness {(as CaCOC3) mg/l NA NA WA 413 v

Notes:

tnitas expreassed as nanograms {ng), micrograme (ug}), milligrama {mg},

plcoCuries {pCi} or million structures {msg) of chemical per liter (1) of water.

NA: Not Analyzed.

ND(}: Not Detected at a spmclfic detection limit.

Limit of detection is included in parentheses.

Report Date:

Sap 26,

1954
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Table 3.

Analytical Results for Inorganic Compounds Dstectsd in Groundwater Samples

Bapawide Groundwater Monitoring Annual Report
Fort Ord, california

Date Range: 09/14/93 - 06/14/94

Station Number: MW-12-10~-180 MW-12-10-180 My-14-04-RA MW-16-01-A&
Sample Depthi{feat): 0.00 0.00 0.00 0.00
Sample Number: 9412D012247F 94237122047 9349J14058F 9350J16085F
Matris: H20 H20 H2O H20
Bample Date: 03/23/94 06/0B/94 12/06/93 12/13/93
Lab Sample Number: 074792001588 07616800148A 07303300058 073173000188
Tast Method/Analyte Hame Unita valua gqual value qual value gqual value gual
COLD VAPOR AhA
Marcury ug/l ND{0.2) A/U ND{0.2) AU NA ND{0}.2) A/U
FUAA-EPAT(60
Argenic ug/l ND(2.5) A/U ND(2.5} AU NA ND{2.4) A/U
FUAA-EPATAZL
Lead ug/l MD(2.9} A/U ND{2.9) AU WA WD{1.6} A/U
FURA-EPATS41
Thallium ug/L ND(21) A/WU ND(2.1} AJ3I/KWU NA WD(2) A/WU
METALS BY ICP
Cadmium ug/l KND{4.3) A/U ND({4.3} A/U MNA ND{4.3} AU
Calcium ug/l NA NA 51800 VJ4/E HA
Chromium ug/1l ND(31.6} A/U ND{1.6) AJU 1A ND{4.7) AU
Copper ug/1l ND({B.3) AUl/B ND{1.8) ASU NA ND{6.6) AUl/B
Iron ug/l HA NA NA NA
Magnesium ug/1 NA NA 32900 VIO4/E NA
Manganede ug/l MNA HA NA HA
Nickel ug/1l ND(24) A/U ND{24) AU NA ND{27) A/U
Potasgium ug/1l NA NA 4480 V/B NA
Sodium ug/l HA NA 154000 Vv 27900 A
Zinc ug/1 42.2 A 13.8 A/B HA 39.6 A
EPA-150.1
PH PH NA NA 6.6 ¥V NA
EPA-300.0
Sulfate mg/l NA MA 73.2 ¥/R NA
Nitrate aa N mg/l HA 6 A/R 6.2 V/R MA
Chloride mg/l NA NA 242 V/R A
orthophcsphate ams P mg/l NA 0.26 A HA NA
Bromide mg/l NA NA NA NA

Notes:

Units expressed as nanograms {ng), micrograms (ug), milligrams (mg),

plcoCurieas (pCi) or million structures (me) of chemical per liter (1) of water.

NA: Mot Analyzed.

ND{): Not Datected at a specific detection limit.

Limit of detection is included in parenthesas.

Report Date:

Sep 26,
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Table 3.

Analytical Results for Inorganic Compounds Datected in Groundwater Samples

Basawlde Groundwater Monitering Annual Report
Fort ord, California

Date Range: 05/14/93 - 06/14/94

Station Number: MwW-12-10-180 MwW-12-10-180 MW-14-04-2 MW-16-01-A
Sample Depth{feat): 0.00 0.00 0.00 Q.00
Sampla Number: 9412D012247F 9423.712204F 9349J1405BF 9350J16085F
Matrix: H2O H2O H20 H20
Sample Date: 03/23/94 06/08/94 12/06/93 12713793
Lab Sample Number: 074T7T3200158A 07616800148A 07303300058 073173000188
Tast Method/Analyte Hame Units valus qual value qual valus qual value gual
EPA-160.1
Total Dismsolved Solide mg/l NA NA 742 V NA
EPA-160.2
Total Suspanded Solids mg/l HA NA NA NA
EPA-120.1
specific Conductances at 25 deg. C umhos NA NA 1140 v HA
EPA-INORGANICS
Alkalinity, Blcarb. (as CaCco3) mg/l NA NA 163 v HA
Alkalinity, Total {as CaC03) mg/l NA NA 163 v NA
EPA-T041
Antimony ug/fl 5.1 A/B 2.6 A/B NA 9.6 A/WB
SHMI14A
Hardness (as CaCO03} mg/l HA NA MNA NA
Notes: Units expressed ag nanograms (ng), micrograms {ug}, milligrams {mg},

picoCuries (pCi} or million structures {(ms) of chemical per liter {1} of water.

NA: Not Analyzed. s
ND({}: Not Detected at a specific detection limit. Limit of detection im included in parentheses.
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Table 3.

Station Number:
Sample Depth{feet):
Sample Number:
Matrix:

Samples Date:

Lab Sample Wumber:

Analytical Results for Inorganic Compounds Detected in Groundwater Samples

Bagewldes Groundwater Monitoring Annual Report
Fert Ord, California

Date Range: 09/14/93 - 06/14/94

MW-16-01-A
0.00
9408J16113F
H20

02725794
07436500128A

MW-16-01-A
0.00
9423J16218F
H20

06/09/94
076203001230

MWw-18-01-180
0.00
9338J18026F
H20

09/21/93
07165800098A

MW-10~01-180
Q.00
9343J18076F
H2O

12/09/93
07307600068A

Teast Method/Analyte Name Unite value gual value ¢qual value gqual valus qual
COLD VAPOR AA

Mexrcury ug/l ND(0.2) A/U ND(0.2) A/U NA NA
FUAA~EPATO6D

Argenic ug/l ND(2.5) AU ND{2.5} A/SWU NA HA
FURA-EPATA21

Lead ug/l ND{2.9%} A/U ND{2.9) AJU NA NA
FUAA~EPATHAL

Thalllium ug/L ND{2.1) AJI/NU ND{2.1} AJ3/NWU NA NA
METALS BY ICP

Cadmium ug/1 ND{4.3) AfU ND{4.3) AU NA NHA

Calcocium ug/l NA BA HA NA

Chromium ug/l ND(3.6) A/U ND(3.6) A/U N NA

Copper ug/L ND({1.8) A/U ND{1.B) AU NA NA

Iron ug/1 NA HA NA NA

Magnesium ug/l NA R’a NA MA

Manganeae ug/l NA HA NA NA

Nickel ug/l ND(24) A/U ND{24} A/U NA NA

Potagsium ug/1 KA HA NA NA

Sodilum ug/1 RA RA NA RA

Zinc ug/l ND(41.9) AaU2 ND{10.6) AUL/B HA NA
EPA-150.1

pH pPH HA NA NA HA
EPA-300.0

Sulfate mg/l HA NHA NA NA

Nitrate as N mg/1l NA HNA 12.3 A/R 13.2 A/R

Chlorids mg/l HA NA NA NA

Oxthophosphate ag P mg/l HA MR NA RA

Bromide mg/l HA NA NA NA

Notes: Units expressed as nanograme {(ng), micrograms {ug}, milligrams {(mg),
picoCuries (pCi} or million structures (me} of chemical per liter (1) of water.
NA: Not Analyzed.
ND(}: Wot Dstected at a specific detection limit. Limit of detection is included in parentheses.
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Table 3.

Analytical Results for Inorganic Compounds Detected in Groundwater Samplss

Bagewide Groundwater Monitoring Annual Report

Fort ord, California
Date Range: 09/14/93 - 06/14/94
Station Number: MW-16-01-A MW-16-01-A MW-1B-01-180 MW-18-01-180
Sample Depth({feeat): 0.00 0.00 9.00 0.00
Sample Number: 9408J16113F 9423J16218F 9338J18026F 33497180761
Matrix: H20 H20 H20 H20
Sample Date: 02/25/94 06/09/94 09/21/93 12/99/93
Lal Sample Number: 07436500128A 0762030012SA 07165800098A 0730760006SA
Tegt Method/Analyte Name Unite values gual value gual value qual valua gqual
EPA-150.1
Total Dissolved Solids mg/l NA NA MA MA
EPA-160.2
Total Suspended Solids ng/l NA HA HA MA
EPA-120.1
Specific Conductance at 25 deg. C umhos NA NA NA NA
EPA-INORGANICS
Alkalinity, Blcarb. (am Cacol)} mg/L NHA HA - HA HA
Alkalinity, Total {(as CaCD3} mg/L NA HA MNA A
EPA-7041
Antimony ug/1l 3.6 A/B 11.4 A NA NA
SMAL4A
Hardneess {(as CaCOl} mg/1l MA BA NA HA

Noten:

Unite expresssed as nancgrams (ng), micrograms {ug), milligrams {mg},
plcoCuries (pCi} or million structuree (me) of chemical per liter {1l) of water.

NA: Not Analyzed,

ND(): Not Detected at a specific detection limit.

Report Date:

Sep 26,

Limlit of detsction ig incliuded in parenthages.
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Report Date: Jun 27, 1994
Chemical Data Report - Posltive Chemical Results Only
site 03
Besach Trainfire Ranges
Fort Ord, California
Date Range: 0%/01/93-05/23/54

Sample Sample Station Sample Test Datection HLA Labk
Musber Depth Husber Date Mesthod Analyte Units Value Limit Qual Qual
934070030457 0.68 CONTROL-A-31 12702/93 EFA%001 Cation Exchange Capacity as Ha meqg/100 T.9%0 2.00 v
934070030507 2.00 COMTROL-A-31 12/02/93 RPAGOLYD Chromium ng kg 13.40 0.97 v
9340T003050F 2.00 CONTROL-A-31 12/02/%3 EPAS0L0 Iron ng/kg 6490.00 9.80 v
9348T003050P 2.00 CONTROL-A-31 12/02/93 EPAGOLD Zinc ng kg 10.60 ¢.35 VId E
9348T0030500F 2.00 CONTROL-A-31 12/02/93 EPAT211 Copper ngikg 1.80 .20 v N
9349T003050F 2.00 CONTROL-A-31 12/02/93 EPAS045 pH pH 7.30 0. 00 wIs
9348T003050F 2.00 CONTROL-A-31 12/02/93 RPASOEO Total Organic Carbon ong/kg 118¢.00 180,00 v
S349T003050F 2.00 CONTMEOL-A-31 12/02/93 EPAS0BL Catlion Exchange Capacity as Ha meq/100 6.40 .00 v

* station Number * COHTROL-BRACH PT & Matrix Type * 5OIL

9340T003051F 0.13 CONTROL-BEACH PT 12/02/93 BEPAGOLD Chromium mg kg 3.40 0.93 v
234070030517 0.13 CONTROL-~BRRCH PT 12/02/93 RPASO10 Iron mglkg 2010.00 9.40 v
934070030517 0.13 CONTROL-BEACH PT 12/02/93 BPAT211 Copper mg/kg 0.65 0,20 v N
9340T003051rF 0.13 CONTROL-BRACH PT 12/02/93 EPASDLS pH pH 6.90 0.00 vJ5
934870030517 ¢.13 CONTROL-BEACH PT 12/02/93 RPASOG0 Total Organic Carbon mg/kg 284.00C 100, G0 v
9348T003051PF 0.13 CONTROL-~BRACH PT 12/02/93 RPASDEL Cation Exchange CaDaclity as Na meq/100 4.20 1.400 v
9348T003052F 0.889 CONTROL-BRACH PT 12702793 BPAEO1O Chromium mg/kg 3.20 0.95 v
9348T003052PF 0.98 CONTROL-BEACH PT 12702793 RPASD10 Iron mg/kg 1810.40 9.60 v
934870030527 0.08 CONTROL-BRACH PT 12/02/93 BPAT21L Copper mg/lkg 0.47 0.20 v N
2348T003052F 0.99 CONTROL-BRACH PT 12/02/93 BPAYOLS pBE PH T.30 0.00 vI5
2348T003052P 0.98 CONTROL~BRACH PT 12/02/93 RPASOGD Total Organic Carbon mg/kg 229.00 100.00 v
9348T003052F 0.98 CONTROL-BRACH PT 12/02/93 EPASOBL Catlon Exchangs Capacity as Na meq/100 §.30 2.00 v
9348T003053F 2.00 CONTROL-BRACH PT 12/02/93 RPASO1D Chromium mg/kg 3.60 0.85 v
9348T003053PF 2,00 CONTROL-~BRACH PT 12702/93 EPASO10 Iron ng/kg 2150.00 $.60 v
9340T003053P 2.00 CORTROL-BEACH PT 12702793 XPASO10 Lead mog/ kg 14.20 $.7¢ v
$346T003053F .00 CONTROL-BRACH PT 12702793 RPAGO10D Zinc mg/ kg 7.30 0.35 VT 4
934070030537 2,00 CONTROL-BERACH PT 12702793 EPAT211 Copper wg/ kg 1.00 0.2¢ v N
93407T003053PF 2.00 CONTROL-BRACH PT 12/02793 RPASOLS pH pH T7.70 0.00 vIs
2340T003053F 2.00 CONTRCL-BRACH PT 12702793 RPASOSED Total Organic Carbon ng/kg 317.00 100.00 v
9348T003053F 2.00 CONTROL-BRACH PT 12702793 EPASOSL Cation Exchange Capacity as Na meq/100 ! 2.0¢ 1.00 v
¢ gtation Rumber * CONTAOL-B-31 *+ Matrix Type * LREACHATR
9344T00304278R 0.13 CONTROL-5-31 12/02/93 BPAXMOIBT XPA % Moisture % 0.54 0.10 A
9344TG03042FBR 0.13 CONTROL-5-31 12/02/93 EPA1S0.1 pH pH 2.80 0.00 A
9340T003042F5R 0.13 CONTROL-8-31 12/02/93 BPA200.7 Iron mg/l 1.80 0.50 A

Fotes:

Pecal Coliform results repcrted as Most Probable Humber (MPN) per 10 grams for soll samples
and NFN per 100 milliliters for water samples,

HD: Hot Detected
NR: Hot Reported
NAk) Mot Analyxad Page 27 of 32




Repoxrt Date: Jun 27, 1934

Sample
Rambar

2340T003 04282
S348T00IG42FUR
9349T003042FUR
9340T003042FUR
9340T003042708
9348TO0I0MAPER
9349T003044FBR
9348T003044FBR
9340T003044788
9340TOO0I0L4NUR
$340TO0I 044U
9349TH0I044FUR

S348T003044YUB
SI40T003044F08

S248TO0IDAGNER
$340TC0I046FER
9340TC0I0AETAR
9348T00304675S
2348700304 6FUR
$I48TO0I04EFUR
9348T003046FUR

9340T003046FUB

—_—

Bample
Depth

0.13

0.13
0.13
0.13

0.13
0.88
0.8
0.98
0.9%
0.89
0.69
0.08

0.88
0.60

2.25
2.25
2.25
2.25
2.35
2.25
2.25

2.25

Station
Number

CONTROL-8~-31
CONTROL-B-31
CONTROL~B8-31
CONTROL-8-31
CONTROL-8-31
CONTROL-H8-31
CONTROL-8-31
CONTROL-8-31
CONTROL-8-31
CONTROL~-B-31
COHTROL-8-31
CONTROL-8-31

CONTROL-8-31
CONTROL-8-31

COMTROL~B-31
COMTROL~-8-31
CONTROL-8-31
CONTROL-8-31
CONTROL-5-31
CONTROL-8-31
CONTROL-8-31

CONTROL-8-31

* gtation Mumber * CONTROL-8-)1

9340T003I043F
9I4OTO0I0AIF
2340T003043F
9349T003043F

Wotes:

0.13
9.13
0.13
0.13

Pecal Coliform results reported as Most Probable Number {MFN) per 1§ grams for soil samples

CONTROL-5-31
CONTROL-8-31
CONTROL-8-31
CONTROL-8-31

Chemical Data Report - Positive Chemical Results Only

Beach Trainfire Rangas
Port Ord, California
09/01/93-05/23/94

and NMPN per 100 milliliters for water samplas.

HD1 Kot Detected
NR1 Wot Reported
HA:1 Hot Ainalyzed

Dats Range:
Sample Tast
Date Method Analyte
12702793 RPA150.1 ©pH
12702793 BPAMMOIST EPA % Moisture
12702792 BPA150.1 pH
12702793 EPA200.7 Iren
12/02/93 EPAL50.1 pH
12702793 RPANMOIST EPA % Moisture
12702792 EPA1S50.1 pH
12702793 ERPA200.7 Ixon
12/02/93 EPA150.1 pH
12/02/93 EPANMOIST REPA % Moisture
12/02/93 BPA1S0.1 DpH
12/02/93 RPA200.7 Iron
12702793 EPALS0.1 pH
12/02/93 RPA216.2 Chromium
12/03/93 EPARMOIST EPA % Moisture
12702793 BPALS0.1 pH
12702793 RPA200.7 Iron
12/02/93 RPA1S0.1 pH
12/02/93 RPANMOIST EFA % Molsture
12/02/93 BPA150.1 pH
12/02/93 BPA200.7 Iron
12/02/93 BRPALS0.1 pH
* Matrix Type * BOIL
12/02/93 RPASOLYD Chromium
12/021/93 EPASOLD Iron
12/02/93 EPAGO10 Zine
12/02/93 BPAT211 Copper

Units

PH
pH
mg/l
PH
pH
mg/l
PH
pH
mg/l
pH
wg/l
PR
mg/l
pPH
pH
ma/l

pPH

og/kg
mg/kg
og/kg
ng/kg

Value

6.90

¢.54
2,80
1.20

6.70

1.20
2.80
1.20

1.20
2.20
1.30

1.7¢
2.50
1.2¢9

1.70
2,80
2.60

17.50
8560.00
12.50
2,00

Detection
Limit

4.10
.00
¢.50

.00

0,10
0.00
0.50

0.00

0.10
0.00
0.50

0.10
0.00
0.50

0.00

0.10
a.00
0.50

0.94
2.5¢
0,34
0.20

20 of 32
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Report Date: Jun 27,

Sample
Wumber

9349T00I043F
3349T003042F
3349T003043Y

$340T003045F
9349TH020458
9348T003045Y
9346T00304SY
934070030457
9348TO0I0LSY
934870030457

9340TO03047F
9340TO0204TY
S349T00IATY
SI40TO0IDATY
S240T003047F
3348TO0I047F
9348T00304TYF

* Station Rumber *

$345P0020230C
23452003023C
3345P003023C
9345P003023C
9345pP003023C

* statlon Mumber * OT-03-30CAL

940€0003101¥
9406Q003101F
9406Q003101P
9406Q003101F
94060003101Y
940600031017
940600031018

L

1994
fample Btation
Depth Ruabar

0.13 CONTROL-5-31
0.13 COMTROL-§-31
0.13 CONTROL-8-3%
0.88 COMTROL-8-31
0.88 COMTROL-8-31
¢.68 CONTROL-B-31
0.69 CONTROL-8-31
0.88 CONTROL-B-31
0.88 CONTROL-8-31
¢.98 CONTRCL-8-31
1.25 CONTROL-8-31
2.25 CONTROL-8-31
2,25 CONTROL-8~31
2.325 CONTROL-B-31
2.25 CONTROL-8-31
2.25 CONTROL~-8-31
2.25 CONTROL-8-31
FIELD BLANK

0.00 FIRLD BLANK
0.00 FIERLD BLANK
9.00 FIELD BLANK
0.00 FIBRLD BLANK
0.00 FIRLD BLANK
0.00 oOT-03-30CAL
0.00 OT-03-30CAL
0.00 OT-03-10CAL
0.00 OT-03-30CAL
0.00 OT-03-30CAL
0.00 oT-03-30CAL
0.00 OT-03-30CAL

* Station Number * OT-03-45CAL

Motas:

Pecal Coliform results reported as ¥ost Probable Number (WPN} per 10 grams for soll samples

* Matrix

Cheaical Data Report - Positive Chemical Results Only

Site 03
Beach Trainfire Ranges
Fort Ord, California

Date Range: 09/01/93-05/23/9¢

Bample Test

Date Method Analyte

12/02/93 EPASOLS pH

12/02/93 EPA9OSO Total Oxganic Carbon
12702793 RPASOEL Cation Exchangs Capacity as Na
12/902/93 EPASOLY) Chromium

12/02/93 RPASD1O Iron

12/02/93 RPAGOLD Zinc

12/02/93 EPA7211 Copper

12/02/93 EPASU4S pH

12/02793 BPASO60 Total Organic Carbon
12/02/93 BPA9081 Cation Exchangs Capacity as Na
12/02/93 RPASD10 Chromium

12/02/93 RPAGOLOD Iron

12/02/93 HPAGD10 Zinc

12/02/93 RPAT211 Copper

12/02/93 EPASOAS pH

12/02/93 EPAS06) Total Organioc Carboen
12/02/93 EPAS0B] Cation Exchange Capacity as Na
Type * AIR

11/07/93 EPAGOLD Zinc

11/07/%3 RPATIL1 Copper

11/747/93 EPAPMLO Final Welight

11/07/%3 RPAFM1O Initial Weight

11/07/93 EPAPM10 Total Buspended Particulates
Type * BULLFRAG

11/22/%93 RPAGOLD Antimony

11/22/93 RPAGO1YD Cadmium

11/22/93 RPASOLD Copper

11/22/93 BPAGD10 Iron

11/22/93 EPAGD10 Leaad

11/22/93 EPA6010 Zine

11722793 RPATOSD Arsenioc

* Matrix Type * BULLFRAG

and MPN per 100 milliliters for water sumples.

HD3 NHot Datected
NR: NHot Reported
HA: NHot Analyzed

Unite

pH
mg i kg
meq/100

ng/kg
ng/kg
ng/kg
mg/kg

mg/ kg
meq/100

xg/kg
mg/kg
g/ kg
mg/kg

mg/kg
meq/104

ug/eilt
ug/tilt
gm
gm
gm

wg/kg
ng/kg
g/ kg
mg/ kg
mg/ kg
mg/kg
mg /i kg

Value

5.20
721.00
7.70

15.10
7190.00
.90
1,70
5.10
§26.00
8.00

12.20
6590.00
10.80
1.40
5.60
742.00
8.70

121.00
0.85
4.36
4.36

31400.00
§7.50
57800.00
£20000.00
765000.00
6610.00
161.00

Page

Detection
Limit

0.00
100.900
2.00

0.94
9.50
0.3¢
0.20
0.00
100,00
2.00

0.95
9.60
0.35
0.20
Q.00
10¢.00
2.00

0.7¢
0,38
0.00
¢.00
¢.00

175.900
14.60
59.40

292.00

292.00
59.40
14.690
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Report Dater Jun 27, 1994
Chemical Data Report - Positive Chemical Results Only
site 03
Beach Trainfire Rangeas
Port Ord, California
Date Range: 03/01/93-05/23/94

Sample Bample Station Suple Test Datection HLA
Wumber Depth Humber Date Method Analyte Tnite Value Limit Qual
94060003102Y 0.00 OT-03-45CAL 11/22/93 RPAGOLD Antimony mg/kg 1170.00 86.70
406Q003 1027 0.00 OT~03-4 5CAL 11/22/93 EPAGGLD Cadmium mg/kg 37.60 7.20
2406Q003102F 0.00 OT-03-45CAL 11/32/93 EPAGOLD Copper my/ kg 152000.00 57.080
9406Q003102F 0.00 OT-03-45CAL 11/22/93 EPASOLO Laad Bg/kg 436000,00 144.00
940600031027 0.00 OT-03-45CAL 11/22/93 RPASO10 Hickel mg/kg 104.00 57.80
*406Q003102P .00 CT-03-45CAL 11/22/93 EPAGOLD Zine mg/ kg 17900.00 209.90
$406Q003102P 0.00 oT-03~45CAL 11/32/93 RPATO60 Arsenic mgikg 10.30 1.40
9408Q003102Y 0,00 OT-03-45CAL 11/22/93 EPAT4T1 Meroury mg/kg 0.07 0,01
* Station Number * OT-03-5.56MM * Matrix Typs * BULLFAAG

340600031047 ¢.00 OT-03-5.56MM 11/22/93 RPASO10 Antimony mg/ kg 6750.00 3890.00
9406Q003104Y 0.00 OT-03-5.56MM 11722793 EPAGOLD Cadmium my kg 53.20 31.70
S4060003104F 0.0 OT-03~5,56NM 11/22/93 EPAG0LO Copper mg/ kg 319000.00 127.00
240600031047 0.00 oT=-03-5, 56MM 11/22/93 RPAGO10 Lead g/ kg 607000,00 317,00
940600031047 ¢.00 oT-03-5.56MK 11/22/93 RPASOLD Zino mgikg 37100.00 127.00
$406Q003104F 0.00 OT-~-03-5, 563 11/22/93 EPA7O6D Arsenioc mg/kg 150.00 15.08¢
$406Q003104F 0.00 OT-03-5,56MM 11/22/93 RPAT4T1 Mercury mg/kg 0.13 0.04
$406Q003104Y 9.00 OT-03-5,56MM 11722793 RPATTAD Selenium mg/kg 12.60 3.20
* Btation Humber * OT-03-5,568HELIL, * Matrix Type * BULLFRAG

2406Q003105F 0.00 OT-03-5,568HBLL 11/22/93 EPAGOLD Copper mg/kg 712000.00 327,00
9406Q003105¥ 0.00 OoT-03-5.563HELL 11/22/93 RPAGOLQ Iron my/ kg 468.00 327.00
940600031057 0.00 oT-03-5,568HBLL 11722793 RPAGO10 Lead mg/kg 261.00 163,00
940600031057 0.00 oT-03-5.568HELL 11722793 RPAG010 Zino mg/kg 2896000.00 65,40
940600031057 G.00 oT-03-5,.568HBLL 11722793 RPATO60 Arsenlc mg/kg 3.40 0.82
94060Q003105P 0.00 OT-03-~5,.566EELL 11/22/7%3 RPATA71 Mesrcury mg/kg ¢.03 0.02
*406Q003105F 0.00 oT-03-5.568HELL 11722793 EPATTAD Selenium g/ kg 12.00 1.60
* Station Rumber * OT-03-7,62MM * Matrix Typs * BULLFRAO

24060Q003100F 0.00 OT-03-7.62MNM 11/22/93 EPAS01D Antimony mg/kg 2000.00 126,00
9406Q0031007 0.00 OT-031-7.62MM 11/22/93 RPASOLD Cadmiumn mg/ kg T 47.80 10.50°
94086Q0031000F 0.00 OT-03-7,62MM 11/22/93 EPASOLD Copper g/ kg 203000.00 83,90
2406QR 031000 0.00 oT-03-7,. 63K 11/22/93 EPASOLD Lend ng/kg 483000, 00 210,00
*4060003100F 0.00 OT~03-7.62MM 11/22/93 RPAGO10 Wicksel og/kg 111.80 83,99
9406Q0031007 0.00 oT-03-7.62MM 11/22/93 EPAGOL0 Zino mg/kg 35900.00 41.90
9406Q003100F 0.00 oT-03-7. 620 11721/93 EPAT7O6D Arsenic mg/kg 0.71 ¢.52
9406Q003100F 0.00 or-03-7,621MM 11722793 EPATATL Kexrcury mg/ kg 0.08 0.01

Hotes:

Pecal Coliform results reported as Nost Probable Rumber {MPN) per 10 grams for soll samples
and MPN per 100 milliliters for water samples.

ND: Mot Detectad
HR: Not Reported
NA1 Rot Analyszed Page 30 of 32
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Report Date: Jun 27, 1994

Chemical Data Report - Positive Chemical Results Cnly

Site 03
Beach Trainfire Ranges
Port Ord, California
Date Range: 09/01/93-05/23/94

Sample Sample Btation Sample Tast

Mumber Depth Number Dats Method Analyte
S406Q003103F 0.00 OT-03-7.52MM 11/22/93 RPAGL10 Antimony
$406Q003103F 0.00 OT-03-7,62MM 11/22/53 EPAEOLD Cadmium
9406Q003103F 0.00 OT-03-7. 62MM 11/22/93 EPAS01Q Copper
94060003103F 9.00 OT-03-7.62MM 11/32/93 RPASOLD 1ead
9406Q003103F 0.00 OT-03-7,62MM 11/22/93 EPAS010 Zina
940600031037 0.00 OT-03-7.62MM 11/22/93 EPATO60 Arsenic
240600031039 0.00 OT-03-7.62MM 11/22/93 BPATATL Mercury
* gtation Rumber * OT-03-7,628HELL * Matrix Typs * BULLFRAG
$406Q0031067 0.00 oT-03-7,6288RLL 11/22/93 RPAGSLD Antimony
9406800031067 0.0¢ OT-031-7.6186ELL 11/22/93 BPASOLY Copper
9406Q003106Y 0.00 OT-03-~7.628HELL, 11722793 EPAS0LYD Lead
940600031067 0.00 OT~03-7,62BHRLL 11/22/93 EPAG010 Hickel
540600031067 0.00 OT-03-7.6218HELL 11/22/93 RPASOLD Zino

94 06C001105Y 0.00 0T-03-7,6§28HRLL 11/23/93 RPATOGO Axwanic
sdo6Q0031086F 0.00 OT-03-7,628HRLL 11/32/93 RPATAT1 Mercury
94 06Q003106F a.00 OT-03-7.628HRLL, 11/22/93 EPATIAO Selenium
* Station Number * OT-03-CASINGS * Matrix Type * BULLPFRAG
9406Q003108F 0.00 OT-03 -CASINGE 11722793 EPA6010 Antimony
24 06Q003100F 0.00 OT-03-CASINGS 11722/93 EPAG01O Cadmium
40600031097 0.00 OT-03 -CASINGS 11/22/93 EPA6010 Copper
240600021007 0.00 OT-03-CABINOS 11/22/93 EPAGOL0 Iron
9406Q0031067 .00 0T~ 03-CABINGS 11/22/9%3 EPASOL0 Lead
940600031087 0.00 OT-03-CASINGE 11/22/93 RPAGOLD Zino
9406Q0031097 0.0¢ OT- 03 -CASINGS 11722793 EBPATOS0 Arsenlo
J406Q002100F 0.00 OT-03 ~CABINGS 11/22/93 EPAT4T1 Marcury
94 06Q003100F 0.00 OT-03-CASINGS 11/22/93 RPATTH0 Selenium
* station Mumber * OT-03-ENCRUST * Matrix Type * BULLFRAG
406Q003109F 0.00 OT-03 -ENCRUBT 11/22/93 EPAG010 Antimony
9406Q003105¥ ¢.00 OT-03-EHCRUST 11/32/93 EPAED10 Cadmium
9406Q0031097 0.00 OT- 03 -ENCRUST 11/22/93 EPAGO10 Copper
940600032097 0.00 OT-03-ENCRUBT 11/22/93 EPAGO1D Iron

94 06Q003109Y7 0.00 OT-03 -ENCRUST 11722793 RPAGOLD Lead
940600031080 0.00 ©OT=-03 -ENCRUST 11/22/93 EPAS010 Tin

Motes:

Fecal Coliform results reported as Most Probable Number {MPN} per 10 grams for soil samples

and MPH per 100 milliliters for water samples.

¥D:1 NHot Detected
NR: Mot Reported
NA: Mot Analyzed

Unitse

og/kg
mg/kg
mg/kg
mg/kg
wy/kg
ng/kg
og/ kg

my kg
ng kg
og/ kg
mg/kg
mg/kg

‘mg/kg

mg/kg
ng/ kg

mg/ kg
&g/ kg
ng/kg
ng/kg
ng/ kg
mg/kg
mg/kg
g/ ky
mg/ kg

mg/kg
mg/ kg
=g/kg
ng/ kg
og/kg
mg/kg

Value

2510.00
43,30
326000.00
617¢00.00
379¢0.00
.10

¢.05

$0.50
613004.00
334.00
115,90
258000.00
4.20

0.01
43.00

1740.00
17.30
$23000,00
354.00
235004.00
T6500,.00
26,80
0,11

6.70

!
3110.0¢
39,20
29400.00
29000.00
§088000.00
516.00

Page

Detection
Limit

126,00
10.50
84.20

210,00
42.10

0.53
.01

90.50
151.00
75.40
60.30
151.00
0.38
¢.01
7.50

142.00
11.8¢
237.0¢
227.00
118,00
47.30
5.90
.01
2.40

110.00
9.1¢
36.50
1832.00
183.900
183.00
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Report Date: Jun 27, 1994
Chemical Datsa Report - Positive Chemical Results Only
8ite 02
Beach Trainfire Rangss
Fort Ord, Callfornia
Date Range; 09/01/93-05/23/94

Sanple Sample Btatlion EBample Test Detection HLA Lab
Hunber Depth NHumber Date Hsthod Analyte Units Value Limit Qual Qual
S406Q003109F 0.00 OT-03-ERCRUST 11/22/93 EPAGOLY Zinc mg/ kg JzeL. 00 36.50 R
2408Q003109F 0.00 oT-03-ENCRUBT 11/22/93 BRPATO60 Arwenic wg/ kg 5.50 0.91 R
940600031097 0.00 OT-03-ENCRUBT 11/22/93 RPATATL Hercury g/ kg 0.76 0,02 R
+ gtation Humber * OT-03-LEAD * Matrix Type * RULLFRAG
9406Q003107F .00 OT-03-LEAD 11/22/93 RPAS010 Antimony mg/ kg 3260.00 276.00 Q
2406Q003107F 0.00 OT-03-LEAD 11/22/93 RPA6010 Cadmium mg/kg 59.90 22,80 Q
$406Q003207F 0.00 OT-03-LEAD 11/22/93 EPAGOL0 Copper mg/ kg 16T7040.00 91,40 R
94060003147 4.00 OT-03-LEAD 11722793 EPAGOLD Lead mg kg 793000.00 228.00 R
940600031077 .00 OT-03-LEAD 11/22/93 EPAGCGLO Tin mg/kg 371.00 457,00 a
S406Q003107F ¢.00 OT-03-LRAD 11/22/93 EPAGCLD Zinc g/ kg 20700,00 91.40 R
$406Q003107F 0.00 OT-03-LEAD 11722/93 EPATOED Arsenic ng/kg 14.20 1.10 n
940600031078 0.00 OT~03-LEAD 11/722/93 BRPATAT] Karcury mg/kg 0.05 .03
* station Number * RAINWATER * Hatrix Type * H12O
$345P003023F 0.00 RAINWATER 11/12/93 EPALS0.1 pR ph 5.00 0.00 A
T
Fotes:

Pecal Coliform results reportad as Nost Probable Number (MPN)} per 10 grams for soil samples
and MPN per 100 milliliters for water samples.

WD: Mot Datscted
HR: Rot Reported
HAr Not Analysed Page 32 of 32
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Dascription of Organlc Qualifiers Used in Database

HIA Validation Assigned Qualifiers

Ar Bawple hes undergons routine dete validation.

JOr

Analytical results for this compound are

area count or retention tims oriteria.

J1a

performance criteria.

Jar

33

J5:

J63

Anslytical results for this

Analytical results for this
Analytical results for this

Analytical results for thias

compound are

compound are
compound are

compound ars

Analytical results for this compound are

quality control criteria excesdancas,

in the initial calibration.

J83

Anslytical results for this compound are

Analytical results for this compound are

above the instrument cmulibration range.

o’

The presence of this corpound is due to suspscted field contamination.

qualified as estimated due to

qualified aw

qualified as

qualified aws
qualified

qualified as

qualified

qualified as

J*: Analytical results for this compound are qualified as

sotimated due

estizated due
sstimated dus
estimated due

estimated due
estimated due
dua

eastimated

estimated due

to

to

to

to

to

to

to

to

noncomplicance with internal standard
noncoxplicance with instrument

noncompliance with precision exiteria.
poor spike recoverles.
holding time exceedances.

field duplicate

linearity problems

detection of the compound

nmiscellanecus lab sxrors.

Ni: Analytioal results for this compound are qualified as presumptively pressnt due to its pressncs
as a tentatively ldentified compound.

results for this compound are
or retention time criteria.

results for this compound

results for
results for
results for
results for

results for

this

this

this

this

this

are
compound are
gompound are
compound are
compound are

cospound are

and/or gontinuing calibration criteria.

RO: Analytical
arsa count

Ri: Analytiocsl

A2+ Analytical

R3¢ Analytical

R5: Analytiocal

R6: Analytioal

R71 Anslytical

Tl

T2

U5:

Vi

qualified as

qualified
qualified
qualified
qualified as
qualified as

qualified aw

Compound is qualified as non-detectsd due to its cccurrence in

Sample has undergone detailed data validation.

rejscted dus

rejected dus

rejected due
rejescted dus
rejected duse
rejescted due

rejected dus

the

Compound 1s qualified as non-detected due to its occurrencs in the

Anslytical results for this compound are qualified as non-detected

to

to

to

to

to

to

to

noncompliance with internal standard

holding time exceedancss.
poor splke recoveries.

nonconpliance with instrument psrfomance criteria.
incorrect identification f

noncozpliance with the full CLP validation.

noncompliance with initial calibration

laboratory blanks.

field blanks.

due to incorrect identification
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Description of COrganic Qualifiers Used in Database

Laboratory Assigned Quallifiers

b4

Bydrocarbons present in this sample represent an unknown mixture in the
diessl rangs. Quantification based on diessl refsrsnces.

guantitation based on a Gascline Refersnce Curve.
Or structurally similar ceopound.

Analytical results should not be considersd reliable for this common lab contaminant, unless
the sample result excesds five times the reporting limit or ten times the blank result.

Contains free liquids.

All reporting limits for this sample raised due to matrix interferences.
Reporting limit changed due to sample volume limitations,

All reporting limits raised due to high level of analytas present in sample.
Compound is alwo detected in the laboratery method blank.

Compound is identified in an snalysis at a secondary dilution factor.

Concentration sxceeds the calibration rangs of the GC/ME instrument for the specifio
analysis.

Reporting limit raised dus to matrix intsrference.

Result is detectesd bslow tha reporting limit or is an estimated concentration.
Duplicate precision not mat.

Reporting limit raised due to high level of ancther analyte in the sample.
Reporting limit raised dus to high level of analyte present in sample.
Compound was analyzed for but not detected.

Speaifioc flag used to properly define the results, Qualifier is fully dewcribsd in
the Sample Data Bummary Package and the Case Narrative.

Result detected balow lowest calibration standard, but above xere.
Duplicate analysis not within control limlts.
Correlation coefficient foxr the NSA is less than 0.995.

Recovery outside QC Limits.



Description of Inorganic Qualifiers Used in Database

HLA Validation Assigned Qualifiars

A1 Sample has undergons rcutine data valldatien.

Ji:

J2:

J31

Jd1

J5¢

J6¢

J7

J9:

TI*

Rl:

R2:

R7:

R9:

Tl

T2

Analytical results for this compound are qualified as sstimated

performance criteria.

Analytical results for this compound are qualified as estimated

duplicate guality control criteria exceedances.

Anmlytical results for this

Anmlytical results for this
relative psrcent difference

Analytical results for this

Analytical results for this

compound are qualified as estimated

due

dus

due

compound ars qualified as estimated due
quality control criteria excesdances.

compound are

compound are

quality control coriteria exceedances.

Analytiosl results for this

compound are

and/oxr continuing oalibration oriterias.

Analytical results for this
check saxple criteria.

Analytical rssults for this
Analytioal results for this
Analytical results for this

Analytical results for this

compound are

compound are
compound are
compound are

compound are

and/or continuing calibratin oriterim.

Analytical results for this
sample criteris.

Compound is quslified as non-detected due to its occurrence in

Compound is qualifisd as non-detected dus to its occourrence in

coppound are

qualified

qualified

qualified

qualified

qualified
qualified
qualified

qualified

qualified

Sawple has undergons dstalled data valldation.

estimated due

estimated due

esstinated due

estimated due

esstimated due

to

ko

to

to

to

to

to

to

oWy

noncomplicance with instrumsnt

laroratory matrix

poor spike recoveries.

ICP-serial dilution

holding time sxcesdances.

field duplicate

noncompliance with initial calibration

noncompliance with ICP interfersnce

miscellansous lab srrorws.

rejected due to holding time sxcsedances.

rejscted due

rejected dus

due

rejected

the

the

to poor splke recoveries.

to noncompliance with initial calibration

to nongompliance with ICP Iinterferencse check

laboratory blanks.

field blanks.
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Description of Inorganic Qualifiers Used in Database
Laboratory Assigned Qualifiers

Bt Reported value is less than the CRDL and greater than or squal to the Instrument
detection limit.

E: The resported valus ".l sstimated because of the pressncs of interference.

@1 Reporting limit ralsed due to matrix interferencae.

Mi1 Duplicate injection prediaslon not met.

N: Spiked sample recovery not within control limits.

R: Reporting limit raised due to high level of analyte present in samplas.

B: The reported value was dstermined by the Nethod of Standard Additions (MSA).

T: Compound was analyzed fox but not detected.

Post-digestion spilke for furnace AA mnalysis is cutside of contrel limits.

*

*: Duplicate analysis not within control limits,
#1 Correlation coefficient for the MBA is less than 0.995.

#1 Recovery outside QC Limits,

el



Chemiical Data Report - All Chemical Results

A chemical data report is available in electronic format (3 1/2" diskette) on request. Contact
Ms. Gail Youngblood if you require a copy of this data:

Commander

U.S. Army Garrison and Fort Ord

Attn: AFZW-DPW-ENG (Ms. Gail Youngblood)
Fort Ord, California 93941-5000

(408) 242-8017

Volume 11 Harding Lawson Assoclates
C35222.H
July 27, 1994
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PARTICLE SIZE ANALYSES



PARTICLE SIZE ANALYSES

This appendix presents the results of the particle size analyses. The soil samples were analyzed by

Solea Laboratory using ASTM D 422. The general laboralory procedures are described below.

Each soil sample was initially classified by the laboratory technician in general accordance with the
Unified Soil Classification System. A representative sample was obtained and dried in an oven at
110 (plus or minus 5) degrees Celsius until its mass did not change over a pericd of 1 howr. The dry
mass was recorded. The sample was then fully inundated with water. After soaking, the sample was
placed in a U.S. Standard No. 200 sieve. The sieve was agitated and additional water was added to
separate the soil particles that would pass through the sieve. The process was continued until the
wash water passing through the sieve was clear. The sample was then transferred back to a container
and dried at 110 (plﬁs or minus 5) degrees Celsius. After drying, the sample was removed from the
oven, allowed to cool, and placed in a nest of sieves (3 inch, 1-1/2 inch, 3/4 inch, 3/8 inch, No. 4,

No. 8, No. 10, No. 16, No. 30, No. 50, No. 100, and No. 200). The nest of sieves was manually or
mechanically shaken until less than 1 percent (by mass) of the residue on a sieve passed through that
sieve during 1 minute of shaking. Each size fraction was weighed and recorded, and cumulative total
weights were calculated. The test data were entered into a computer program that calculated and

plotted the final results. These plotted results are included in this appendix.

Volume 1l Harding Lawson Associates Site 3
A33690-H c1
July 1, 1994



SOLEA
TESTING
GROUP

Transmittal/Memorandum

To: Harding Lawson Associates
105 Digital Drive ,
Novato, CA 94949 DEC 1793
Attn: Brent Dostert HARDING LAWSON
ASSOCIATES
From: Ms. Farideh Faraji, Technical Director
Date: December 15, 1893

Subject:  Laboratory Test Results; Fort Ord Site 3, HLA Project #23366.02521
STG No.: HLA.002
LRN: 4405

Remarks: Enclosed are the final test results for the subject project. Samples were submitted to our Laboratory
December 10, 1993. These tests have been performed in general accordance with accepted standards
and checked with STG's Quality Assurance Plan. This transmittal includes the following test(s):

ltem Description Quantity

1 Sieve Analysis to #200 Sieve 22

Untested samples, portions of tested samples, when available, and sample tubes will be held for a
period of 8 weeks. Samples and tubes will be discarded at that time unless other arrangements are
made. Sample storage fees will be charged for storage periods greater than 8 weeks. STG does not
store contaminated samples and by-products produced from testing. These will be returned to you.

If you have any questions, please call me at (510) 682-7005. Thank you.

Ms. Farideh Faraji, Technical Director

Ao

Thomas Dévise, CEO

(formerly Harding Lawson Associates Geotechnical Laboratory) 1850 Bates Avenue, Unit G, Concord, CA 54520 (510) 682-7005
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/V-6 @ 28.0

Total Sample Weight (g): 269.5
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): -—----

PI Results (used in determining fines classification)

Ligquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2763
Sand : 88.5 @ 30% Passing : 0.1572
Fines : 11.5 @ 10% Passing : 0.0703

Coefficient of Uniformity: 3.93E 0O

Coefficient of Curvature: 1.27E 0

Soil Classification: BROWN SAND W/SILT (SP-5SM*)

Frost Classification: --

Data Entry By: CLM File #: 701



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/V-6 @ 28.0Data File : TEST0701
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing
5.000 in 125.000 0.0 100.0
3.000 in 75.000 0.0 100.0
1.500 in 37.500 0.0 100.0
3/4 1in 19.000 0.0 100.0
3/8 in 9.500 0.0 100.0
No. 4 4.750 0.0 100.0
No. 8 2.360 0.0 100.0
No. 10 2.000 0.0 100.0
No. 16 1.180 1.0 99.6
No. 30 0.600 9.9 96.3
No. 50 0.300 96.0 64.4
No. 100 0.150 195.4 27.5
{o. 200 0.075 238.5 11.5



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/K-4 & 29.0
Total Sample Weight (g): 319.7

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

e e e a  — — — — k  ——— — —t  —— — — — — —aar =
- ———— v — b D e R e e e e e ke S TP — e S ———— e

PI Results (used in determining fines classification)

Liquid Limit: =--- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2485
Sang : 98.9 @ 30% Passing : 0.1752
Fines : 1.1 @ 10% Passing : 0.1115

Coefficient of Uniformity: 2.23E 0

Coefficient of Curvature: 1.11E 0

S0il Classification: BROWN SAND (SP )

Frost Classification: -~

Data Entry By: CLM File #: 702



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/K-4 @ 29.0Data File : TEST0702
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 1.6 99.5

No. 50 0.300 76.1 76.2

Ne. 100 0.150 266.5 16.6

No. 200 0.075 316.1 1.1



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/D-9 € 30.0
Total Sample Weight (g): 292.9

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ---=

PI Results (used in determining fines classification)

Liquid Limit: --—- Plasticity Index: --—-

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2880
Sand : 82.2 @ 30% Passing : 0.1438
Fines : 17.8 @ 10% Passing : 0.0497

Coefficient of Uniformity: 5.80E O

Coefficient of Curvature: 1.45E O

Soil Classification: BROWN SILTY SAND (SM* )

Frost Classification: -—-

Data Entry By: CLM File #: 703
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Particle Size Analysis
Sieve Method
HI.A Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/0-9 @ 30.0Data File : TEST0703
Sieve Sieve Cum., Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5,000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.1 100.0

No. 10 2.000 0.3 99.9

No. 16 1.180 7.2 97.5

No. 30 0.600 21.5 92.7

No. 50 0.300 111.8 61.8

No. 100 0.150 202.7 30.8

No. 200 0.075 240.9 17.8



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/I-9 @& 31.0

Total Sample Weight (g): 309.5
Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3670
Sand T 99.5 @ 30% Passing : 0.2291
Fines : 0.5 @ 10% Passing : 0.1589

Coefficient of Uniformity: 2.31E 0

Coefficient of Curvature: 9.00E-1

Soil Classification: BROWN SAND (SP )

Frost Classification: —-—

Data Entry By: CIM File #: 704
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HILA.2-4405 Test Date : 12-15-1993
bata Entry By : CLM Location : AREA 1/I-9 @ 31.0Data File : TESTO0704
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 1in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 B.6 97.2

No. 50 0.300 171.0 44.7

No. 100 0.150 288.3 6.8

No. 200 0.075 307.9 0.5



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/K13 @ 32.0
Total Sample Weight (g): 309.0

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): =----

PI Results (used in determining fines classification)

Ligquid Limit: =--- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel 0.0 @ 60% Passing : 0.2653
Sand : 98.8 @ 30% Passing : 0.1783
Fines : 1.2 @ 10% Passing : 0.1104

Coefficient of Uniformity: 2.40E O

Coefficient of Curvature: 1.09E 0

Soil classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 705
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993

Data Entry By : CLM Location : AREA 1/K13 @ 32.0Data File : TEST0705
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4,750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.2 99.9

No. 30 0.600 7.5 97.6

No. 50 0.300 94.9 69.3

No. 100 0.150 2b6.6 17.0

No. 200 0.075 305.2 1.2



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/E15 @ 33.0
Total Sample Weight (g): 272.0

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liquid Limit: =--- Plasticity Index: -=--

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2300
Sand T 97.7 @ 30% Passing : 0.1660
Fines : 2.3 @ 10% Passing : 0.1003

Coefficient of Uniformity: 2.29E O

Coefficient of Curvature: 1.19FE 0

Soil Classification: BROWN SAND (Sp )

Frost Classification: -—-

Data Entry By: CLM File #: 706
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID = HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/E15 @ 33.0Data File : TESTO0706
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 1in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.5 99.8

No. 30 0.600 2.6 99.0

No. 50 0.300 42.2 84.5

No. 100 0.150 215.8 20.7

No. 200 0.075 265.8 2.3
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/L14 €@ 34.0

Total Sample Weight (g): 276.1
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): ---—-
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PI Results (used in determining fines classification)

Liguid Limit: --- Plasticity Index: —---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3820
Sand : 99.2 @ 30% Passing : 0.2272
Fines : 0.8 @ 10% Passing : 0.1589

Coefficient of Uniformity: 2.40E O

Coefficient of Curvature: 8.50E-1

Soil Classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 707



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/L14 @ 34.0Data File : TESTO0707
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retalined (g) Weight Passing
5.000 in 125.000 0.0 100.0
3.000 in 75.000 0.0 100.0
1.500 in 37.500 0.0 100.0
3/4 in 19.000 0.0 100.0
3/8 in 9.500 0.0 100.0
No. 4 4.750 0.0 100.0
No. 8 2.360 0.0 100.0
No. 10 2.000 0.0 100.0
No. 16 1.180 0.0 100.0
No. 30 0.600 36.0 87.0
No. 50 0.300 150.3 45.6
No. 100 -0.150 257.4 6.8
To. 200 0.075 274.0 0.8



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/819 @ 13.0
Total Sample Weight (g): 243.6

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): -—----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2950
Sand : 89.7 @ 30% Passing : 0.1704
Fines : 10.3 @ 10% Passing : 0.0739

Coefficient of Uniformity: 3.99E O

Coefficient of Curvature: 1.33E 0

Soil Classification: BROWN SAND W/SILT (SP-5M*)

Frost Classification: --

Data Entry By: CLM File #: 708
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Tecst Date : 12-15-1993
Data Entry By : CIM Location : AREA 2/S19 @ 13.0Data File : TEST0708
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing
5.000 in 125.000 0.0 100.0
3.000 in 75.000 0.0 100.0
1.500 in 37.500 0.0 100.0
3/4 in 19.000 0.0 100.0
3/8 1in 9.500 0.0 100.0
No. 4 4.750 0.0 100.0
No. 8 2.360 0.0 100.0
No. 10 2.000 0.2 99.9
No. 16 1.180 2.1 99.1
No. 30 0.600 28.3 88.4
No. 50 0.300 95.2 60.9
No. 100 0.150 187.5 23.0

Jdo. 200 0.075 218.6 10.3
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/E35 @ 14.0

Total Sample Weight (g): 208.2
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): =----
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PI Results (used in determining fines classification)

Liquid Limit: --—-— Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2392
Sand T 74.2 @ 30% Passing : 0.0909
Fines : 25.8 @ 10% Passing : 0.0360

Coefficient of Uniformity: 6.64E 0O

Coefficient of Curvature: 9.59E-1

Soil Classification: BROWN SILTY SAND (SM* )

Frost Classification: ——

Data Entry By: CLM File #: 7Q8
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HILLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 2/E35 @ 14.0Data File : TEST0709
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.,0

3/4 in 19.000 0.0 100.0

3/8 1n 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 3.8 98.2

No. 30 0.600 29.1 86.0

No. 50 0.300 63.9 69.3

No. 100 0.150 123.2 40.8

No. 200 0.075 154.4 25.8



e e e —————— . — T o W At S o o o o o
L e . — T o B o e e ek e ks Al U T o

Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/I35 @ 15.0
Total Sample Weight (g): 284.0

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2991
Sand : 85.9 @ 30% Passing : 0.1594
Fines : 14.1 @ 10% Passing : 0.0602

Ccoefficient of Uniformity: 4.97E 0

Coefficient of Curvature: 1.41E 0

Soil Classification: BROWN SILTY SAND (SM* )

Frost Classification: --

Data Entry By: CLM File #: 710
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 D HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CILM Location : AREA 2/I35 @ 15.0Data File : TESTO0710
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75,000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 8.6 97.0

No. 30 0.600 55.4 80.5

No. 50 0.300 113.2 60.1

‘No. 100 0.150 207.0 27.1

No. 200 0.075 243.9 14.1



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/G37 @ 16.0
Total Sample Weight (g): 323.1

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): =---—

PI Results (used in determining fines classification)

Liguid Limit: --- Plasticity Index: --—-

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2583
Sand T 95.9 @ 30% Passing : 0.1764
Fines : 4.1 @ 10% Passing : 0.1023

Coefficient of Uniformity: 2.53E 0

Coefficient of Curvature: 1.18E O

Soil Classification: BROWN SAND (SP )

Frost Classification: —-

Data Entry By: CLM File #: 711
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CIM Location : AREA 2/G37 @ 16.0Data File : TESTO0711
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 12.9 96.0

No. 50 0.300 91.2 71.8

No. 100 0.150 267.3 17.3

No. 200 0.075 309.8 4.1



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/D-1 @ 25.0
Total Sample Weight (g): 273.0

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3289
Sand i 87.9 @ 30% Passing : 0.1670
Fines : 12.1 @ 10% Passing : 0.0673

Coefficient of Uniformity: 4.89E O

Coefficient of Curvature: 1.26E O

Soil Classification: BROWN SILTY SAND (SM=* )

Frost Classification: —-

Data Entry By: CLM File #: 698



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/D-1 @ 25.0Data File : TEST0698
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 6.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 2.1 99,2

No. 30 0.600 19.6 92.8

No. 50 0.300 122.9 55.0

No. 100 0.150 203.6 25.4

No. 200 0.075 240.0 12.1



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/M-2 @ 26.0
Total Sample Weight (g): 298.2

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): -—----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: —--

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2612
Sand : 87.1 @ 30% Passing : 0.1560
Fines : 12.9 @ 10% Passing : 0.065%54

Coefficient of Uniformity: 3.99E O

Coefficient of Curvature: 1.42E 0O

Soil Classification: BROWN SILTY SAND (SM* )

Frost Classification: —-

Data Entry By: CLM File #: 699



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/M-2 @ 26.0Data File : TEST0699
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 1in 19.000 0.0 100.0

3/8 1in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.3 99.9

No. 16 1.180 2.2 99.3

No. 30 0.600 9.7 96.7

No. 50 0.300 95.2 68.1

No. 100 0.150 215.6 27.7

No. 200 0.075 259.7 12.9
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 1/X-2 @ 27.0
Total Sample Weight (g): 369.7

Percent Passing No. 10 Sileve ; 0.0

Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liquid Limit: --- Plasticity Index: ~---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3772
Sand : 98.9 @ 30% Passing : 0.2374
Fines : 1.1 @ 10% Passing : 0.1581

Coefficient of Uniformity: 2.39E 0O

Coefficient of Curvature: 9.45E-1

Soil Classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 700



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 1/X-2 @ 27.0Data File : TESTO0700
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 1n 37.500 0.0 100.0

3/4 1n 19.000 0.0 100.0

3/8 1in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 9.4 97.5

No. 50 0.300 216.2 41.5

No. 100 0.150 342.3 7.4

No. 200 0.075 365.6 1.1



Particle Size Analysis
Sieve Method
HLLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA~FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/M38 @& 17.0
Total Sample Weight (g): 294.6

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----
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PI Results (used in determining fines classification)

Liquid Limit: —--- Plagsticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3532
Sand : 97.1 @ 30% Passing : 0.2086
Fines : 2.9 @ 10% Passing : 0.1339

Coefficient of Uniformity: 2.64E O

Coefficient of Curvature: 9.20E-1

Soil Classification: BROWN SAND (SP )

Frost Classification: =--

Data Entry By: CIM File #: 712
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Particle Size Analysis
Sieve Method
HLA Laboratory 2Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.,2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 2/M38 @ 17.0Data File : TESTO0712
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (q) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.9 99.7

No. 30 0.600 27.1 90.8

No. 50 0.300 145.8 50.5

No. 100 0.150 261.0 11.4

No. 200 0.075 286.2 2.9



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/S38 @ 18.0

Total Sample Weight (g): 279.0
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): -—----

PI Results (used in determining fines classification)

Liquid Limit: =--- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2789
Sand : 97.0 @ 30% Passing : 0.1861
Fines : 3.0 @ 10% Passing : 0.1164

Coefficient of Uniformity: 2.40E O

Coefficient of Curvature: 1.07E O

Soil Classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 713
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 2/S38 @ 18.0Data File : TESTO0713
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (qg) Weight Passing

5.000 in 125,000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2,000 0.1 100.0

No. 16 1.180 0.4 99.9

No. 30 0.600 6.8 97.6

No. 50 0.300 96.5 65.4

No. 100 0.150 239.9 14.0

No. 200 0.075 270.5 3.0



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/C39 € 19.0
Total Sample Weight (g): 277.1

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): =----
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PI Results (used in determining fines classification)

Liquid Limit: --—- Plasticity Index: —---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.2354
Sand : 95.5 @ 30% Passing : 0.1598
Fines : 4.5 @ 10% Passing : 0.0902

Coefficient of Uniformity: 2.61E O

Coefficient of Curvature: 1.20E 0

So0il Classification: BROWN SAND (SP )

Frost Classification: -—-

Data Entry By: CIM File #: 714

£



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-19893
Data Entry By : CLM Location : AREA 2/C39 @ 19.0Data File : TEST0714
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 1in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 3.7 98.7

No. 50 0.300 58.8 78.8

No. 100 0.150 207.6 25.1

No. 200 0.075 264.5 4.5
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 TLocation: AREA 2/M-4 @ 20.0
Total Sample Weight (g): 325.4

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----

e . —— e — — i - ek L TR e e ek . — i — i M — o S o o i TR S T e W M e e A4 M e e e e e e

PI Results (used in determining fines classification)

Ligquid Limit: --- Plasticity Index: ~-—-

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3193
Sand : 98.1 @ 30% Passing : 0.2017
Fines : 1.9 @ 10% Passing : 0.1475

Coefficient of Uniformity: 2.16E 0

Coefficient of Curvature: 8.64EFE-1

Soil Classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 718



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 1D : HI.A.2-4405 Test Date : 12-~15-1993
Data Entry By : CLM Location : AREA 2/M-4 @ 20.0Data File : TESTO0715
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 1n 125,000 0.0 100.0

3.000 1n 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 1n 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.0Q00 0.0 100.0

No. 16 1.180 0.0 100.0

No. 30 0.600 16.3 95.0

No. 50 0.300 141.4 56.5

No. 100 0.150 292.2 10.2

No. 200 0.075 319.2 1.9



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: AREA 2/G43 € 21.0

Total Sample Weight (g): 332.6 -
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Liguid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3337
Sand : 98.3 @ 30% Passing : 0.2047
Fines : 1.7 @ 10% Passing : 0.1456

Coefficient of Uniformity: 2.29E 0

Coefficient of Curvature: 8.63E-1

Soil classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 716



Particle Size Analysis
Sieve Methoed
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : AREA 2/G43 @ 21.0Data File : TEST0716
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 c.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 18.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 0.0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.3 99.9

No. 30 0.600 25.1 92.5

No. 50 0.300 152.6 54.1

No. 100 0.150 298.1 10.4

No. 200 0.075 327.1 ' 1.7
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: C AREA/A31 @ 23.0

Total Sample Weight (g): 297.1
Percent Passing No. 10 Sieve : 0.0
Representative Sample Weight (g): ----

PI Results (used in determining fines classification)

Ligquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.5073
Sand : 99.3 @ 30% Passing : 0.3311
Fines : 0.7 @ 10% Passing : 0.1899

Coefficient of Uniformity: 2.67E O

Coefficient of Curvature: 1.14E 0O

S0il Classification: BROWN SAND (SP )

Frost Classification: —-

Data Entry By: CLM File #: 717
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 D : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : C AREA/A31 @ 23.0Data File : TESTO0717
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing

5.000 in 125.000 0.0 100.0

3.000 in 75.000 0.0 100.0

1.500 in 37.500 0.0 100.0

3/4 in 19.000 0.0 100.0

3/8 in 9.500 0.0 100.0

No. 4 4.750 0.0 100.0

No. 8 2.360 .0 100.0

No. 10 2.000 0.0 100.0

No. 16 1.180 0.7 99.8

No. 30 0.600 83.8 71.8

No. 50 0.300 228.6 23.1

No. 100 0.150 287.4 3.3

-No. 200 0.075 295.0 0.7
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 Test Date: 12-15-1993
Project Number: HLA.2-4405 Location: C AREA/S31 @ 22.0
Total Sample Weight (g): 319.9

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): ----
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PI Results (used in determining fines classification)

Ligquid Limit: --- Plasticity Index: ---

Soil Composition (%): Particle Diameter (mm):
Gravel : 0.0 @ 60% Passing : 0.3208
Sand r 99.2 @ 30% Passing : 0.2089

Fines : 0.8 @ 10% Passing : 0.1579

Coefficient of Uniformity: 2.03E 0

Coefficient of Curvature: 8.62E-1

Soil Classification: BROWN SAND (SP )

Frost Classification: --

Data Entry By: CLM File #: 718



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITEZ3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CIM Location : C AREA/S31 @ 22.0Data File : TEST0718
Sieve Sieve Cun. Welght Percent of Total
Name Size (mm) Retained (qg) Weight Passing
5.000 1n 125.000 0.0 100.0
3.000 1n 75.000 0.0 100.0
1.500 in 37.500 0.0 100.0
3/4 in 19.000 0.0 100.0
3/8 in 9.500 0.0 100.0
No. 4 4.750 0.0 100.0
No. 8 2.360 0.0 100.0
No. 10 2.000 0.0 100.0
No. 16 1.180 0.0 100.0
No. 30 0.600 3.6 98.9
No. 50 0.300 141.3 55.8
No. 100 0.150 299.6 6.3
fo. 200 0.075 317.4 0.8



Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project Name: HLA-FORT ORD SITE3 .TeSt Date: 12-15-1993
Project Number: HLA.2-4405 Location: C AREA @ 24.0
Total Sample Weight (g): 342.2

Percent Passing No. 10 Sieve : 0.0

Representative Sample Weight (g): -—----
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PI Results (used in determining fines classification)

Liquid Limit: —--- Plasticity Index: =---

Soil Composition (%): Particle Diameter (mm):

h Gravel : 0.0 @ 60% Passing : 0.7753
Sand : 86.6 @ 30% Passing : 0.4391
Fines : 13.4 @ 10% Passing : 0.0000

Coefficient of Uniformity: 4.31E12

Coefficient of Curvature: 1.38E12

Soil Classification: BROWN SILTY SAND (SM* )

Frost Classification: --

Data Entry By: CLM File #: 719
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Particle Size Analysis
Sieve Method
HLA Laboratory Analysis Routines Ver 3.0

Project : HLA-FORT ORD SITE3 ID : HLA.2-4405 Test Date : 12-15-1993
Data Entry By : CLM Location : C AREA & 24.0 Data File : TEST0719
Sieve Sieve Cum. Weight Percent of Total
Name Size (mm) Retained (g) Weight Passing
5.000 in 125.000 0.0 100.0
3.000 in 75.000 0.0 100.0
1.500 in 37.500 0.0 100.0
3/4 in 19.000 0.0 100.0
3/8 in 9.500 0.0 100.0
No. 4 4.750 0.0 100.0
No. 8 2.360 0.0 100.0
No. 10 2.000 0.3 99.9
No. 16 1.180 38.0 88.9
No. 30 0.600 197.2 42 .4
No. 50 0.300 291.2 14.9
No. 100 0.150 296.1 13.5

jo. 200 0.075 296.4 13.4
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DATA VALIDATION REPORT
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DATA VALIDATION REPORT

Analytical results for Site 3, consisting of eight sample delivery groups (SDGs 072675, 072949,
072976, 073014, 073031, 073115, 073677, and 074061) were validated according to procedures
specified in the Fort Ord QAPP (Part 2 of HLA, 1991b), QAPP Revisions (HLA, 1992k), and Part 2 of
the Draft Site Characterization Report, Site 34, Fritzsche Army Airfield Fueling Facility (HLA, 1992).
The quality of the data was evaluated with respect to a set of quality control (QC) criteria, including
precision, accuracy, and completeness. The QC samples used to assess data quality consisted of
laboratory duplicate samples, matrix spike/matrix spike duplicates (MS/MSD), blank spike/blank spike
duplicates (BS/BSD; also known as laboratory control samples [LCS]), method blanks, source water
blanks, trip blanks, equipment rinsate blanks, and field duplicate samples. Holding times and
laboratory surrogate spike recoveries were also evaluated. In addition, SDG 072976 underwent a
detailed validation in which calibrations, internal standards, GC/MS tuning records, furnace AA
duplicate injection precision, furnace AA post-digestion spikes, and compound quantifications were
evaluated. Results of the data validation are presented below.

D1.0 ANALYTICAL SUMMARY

During the 1993 sampling at Site 3, 69 soil samples, 15 soil samples (each split into 4 samples for
leachate analysis [60 total leachate samples]), one rainwater sample, and 32 air filter samples,
including associated field QC samples, were collected and submitted to Enseco for analysis.

Table D-1 lists identifiers for the samples collected from Site 3 between October 19 and December 9,
1993, and analyzed by Enseco between October 19, 1993, and January 20, 1994.

Analytical methods used for the samples included one or more of the following test methods. Not all
samples were analyzed for the same set of parameters.

Organics: EPA Test Method 415.1 - Total Organic Carbon

Inorganics:  EPA Test Method 6010/7000 - Metals
EPA Test Method 7196 - Hexavalent Chromium (CrVI)
EPA Test Method 9045 - Seil pH
EPA. Test Method 9081 - Cation Exchange Capacity
Test Method PM10 - Total Suspended Particulates

D2.0 ORGANIC ANALYSES

This section summarizes the findings of the evaluation of the QC samples, including the detailed
validation of SDG 072976.

D2.1 EPA Test Method 415.1 - Total Organic Carbon

. Holding Times: Holding time criteria were met for all samples.

. Blanks: No analytes were detected in the laboratory method blank. No field-generated blanks
were collected. .

. BS/BSD: All recoveries and RPD values were within control limits.

Volume II Harding Lawson Associates Site 3
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Appendix D

o MS/MSD: Samples 9348Q003001F, 9348T003032F, 9348T003057F, and 93495003007F were
spiked. All recoveries and RPD values were within conirol limits.

. Field Duplicates: No field duplicates were collected.

. Calibration: The instrument calibration was reviewed for SDG 072976 only. All initial and

continuing calibrations were acceptable.
D3.0 INORGANIC ANALYSES

This section summarizes the findings of the evaluation of the QC samples, including the detailed
validation of SGD 072976.

D3.1 EPA Test Method 6010/7000 - Metals
. Holding Times: Holding time criteria were met for all samples.

+ Blanks: Chromium, copper, iron, and zinc were detected in laboratory calibration and method
blanks associated with the six soil SDGs. All were present below the reporting limit. Detected
results for the above metals were qualified as nondetected (U1) if they were reported at
concentrations less than or equal to five times the highest concentration observed in any
laboratory blank associated with the same SDG. Data for the following metals and samples were
affected:

- Zinc in Samples 9348T003051F, 9348T003052F, 9348Q003018F, 9348T003056FSR,
9348T003054FSR, 9348T003062FSR, 9348T003060FSR, 9348T003020FSR, 9348T003006FSR,
9348T003004FSR, 9348T003044FSS, 9348T003054FSS, 9348T003064FSS, 9348T003060FSS,
9348T003006FSS, 9348T003044FUR, 9348T003056FUR, 9348T003058FUR, 9348T003054FUR,
9348T003020FUR, 9348T003075FUR, 9348T003006FUR, 9348T003004FUR,
9348T003042FUS, 9348T003046FUS, 9348T003044FUS, 9348T003056FUS, 9348T003064FUS
9348T003062FUS, 9348T003020FUS, 9348T003004FUS, and 9348T003008FUS.

Sample data for the other metals were not affected, because the results were sither nondetected or
above five times the highest blank concentration.

Antimony, copper, and zinc were detected at concentrations below the reporting limit in laboratory
calibration blanks, method blanks, and laboratory filter blanks associated with the air filter SDG.
Data for these metals were not affected because the field sample results were either nondetected or

above five times the highest blank value.

Copper and zinc were detected in the field blank associated with the air filter SDG. Detected results
for the above metals were qualified as nondetected (U2) if the weight detected on the filter was less
than or equal to 5 times the weight detected in the field blank. The following sample results were
affected:

- Zinc in Samples 9342P003003F, 9343P003001F, 9343P003007F, 9343P003008F,
9344R003001F, 9344R003004F, 9344P003011F, 9344P003015F, 9344P003019F, and
9345P003022F.

Sample data for copper were not affected because the weight detected on each filter was greater than
five times the weight detected in the field blank.
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»

BS: The recoveries for the blank spikes were high for the following: antimony in SDGs 073031,
073014, and 072949; iron in SDG 073031; lead in SDGs 073014 and 074061; tin in SDG 073677;
and zinc in SDG 073677. SDG 074061 consisted of air filter samples; because no limits exist for
filter samples, this SDG was evaluated using soil QC limits. The following detected results are
qualified as estimated (J3) due to noncompliance with blank spike criteria:

Antimony in Samples 9348Q003002F, 9348Q003003F, 9348Q003009F, 9348(Q003011F,
9348Q003013F, 9348T003019F, 9348T003023F, 9348T003029F, 9348T003057F,
9348T003059F, 9348T003061F, 9348T003063F, 9348T003065F, 9348T003066F,
9348T003067F, 9348T003068F, 9348T003069F, 9348T003070F, 9348T003071F,
9348T003072F, 9348T003073F, 9348T003074F, 93495003001F, 93495003002F,
9349S003003F, 9349S003004F, 9349S003005F, 9349S003006F, 9349S003007F, 93495003008F,
9349S003009F, 93495003010F, 93495003011F, 93495003012F, 9349Y003035F,
9349Y003036F, and 9349Y003037F.

Iron in Samples 93495003007F, 93495003008F, 93495003009F, 93495003010F,
9349S5003011F, 93495003012F, 9349Y003035F, 9349Y003036F, and 9349Y003037F.

Lead in Samples 9348T003059F, 9342P003003F, 9343P003001F, 9343FP003007F,
9343P003008F, 9344R003001F, 9344R003004F, 9344P003011F, 9344P003015F,
9344P003019F, 9345P003022F, and 9345P003023C.

Because all affected tin and zinc results were nondetected, no qualification is necessary.

The recoveries for the blank spike was low for the following: iron in SDG 072949. The following
detected and nondetected results are qualified as estimated (J3) due to noncompliance with matrix
spike criteria:

*

Iron in Samples 9348Q003005F, 9348Q003011F, and 9348T003025F.

MS: Samples 9342P003003F, 9348Q003001F, 9348T003057F, 93495003007F, 9348T003042FUR,
9348T003032F, and 9348T003042FSR were spiked. The recoveries for the following spiked
Samples were high: antimony in spiked Sample 9348T003057F; copper in spiked Samples
9342P003003F and 9348T003032F; iron in spiked Sample 9348T003042FUR; lead in spiked
Sample 9342P003003F; and tin in spiked Sample 9348T003057F. The following detected results
are qualified as estimated (J3) due to noncompliance with matrix spike criteria:

Antimony in Samples 9348T003057F, 9348T003059F, 9348T003061F, 9348T003063F,
9348T003065F, 9348T003066F, 9348T003067F, 9348T003068F, 9348T003069F,
9348T003070F, 9348T003071F, 9348T003072F, 9348T003073F, 9348T003074F,
93495003001F, 9349S003002F, 93495003003F, 93495003004F, 93495003005F, and
93495003006F.

Copper in Samples 9342P003003F, 9343P003001F, 9343P003007F, 9343P003008F,
9344R003001F, 9344R003004F, 9344P003011F, 9344P003015F, 9344P003019F,
9345P003022F, 9345P003023C, 9348T003032F, 9348T003033F, 9348T003034F,
9348T003035F, 9348T003037F, 9348T003038F, 9348T003039F, 9348T003040F,
9348T003041F, 9348T003043F, 9348T003045F, 9348T003047F, 9348T003048F,
9348T003049F, 9348T003050F, 9348T003051F, 9348T003052F, and 9348T003053F.

Iron in Samples 9348T003042FUR, 9348T003046FUR, 9348T003044FUR, 9348T003056FUR,
9348T003058FUR, 9348T003054FUR, 9348T003064FUR, 9348T003062FUR,
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9348T003060FUR, 9348T003020FUR, 9348T003022FUR, 9348T003075FUR,
9348T003006FUR, 9348T003004FUR, 9348T003008FUR, 9348T003042FUS,
9348T003046FUS, 9348T003044FUS, 9348T003056FUS, 9348T003058FUS, 9348T003054FUS,
9348T003064FUS, 9348T003062FUS, 9348T003060FUS, 9348T003020FUS, 9348T003022FUS,
9348T003075FUS, 9348T003006FUS, 9348T003004FUS, and 9348T003008FUS.

- Lead in Samples 9342P003003F, 9343P003001F, 9343P003007F, 9343P003008F,
9344R003001F, 9344R003004F, 9344P003011F, 9344P003015F, 9344P003019F,
9345P003022F, and 9345P003023C.

- Tin in Samples 9348T003057F, 9348T003059F, 9348T003061F, 9348T003063F,
9348T003065F, 9348T003066F, 9348T003067F, 9348T003068F, 9348T003069F,
9348T003070F, 9348T003071F, 9348T003072F, 9348T003073F, 9348T003074F,
93495003001F, 9349S003002F, 9349S003003F, 93495003004F, 93495003005F, and
93495003006F.

The recoveries for the following spiked samples were low but above 30 percent: antimony in spiked
Sample 9342P003003F; and zinc in spiked Sample 9348T003057F. The following detected and
nondetected results are qualified as estimated (J3) due to noncompliance with matrix spike criteria:

- Antimony in Samples 9342P003003F, 9343P003001F, 9343P003007F, 9343P003008F,
9344R003001F, 9344R003004F, 9344P003011F, 9344P003015F, 9344P003019F,
9345P003022F, and 9345P003023C.

- Zinc in Samples 9348T003057F, 9348T003059F, 9348T003061F, 9348T003063F,
9348T003065F, 9348T003066F, 9348T003067F, 9348T003068TF, 9348T003069T,
9348T003070F, 9348T003071F, 93481003072F, 9348T003073F, 9348T003074F,
93495003001F, 93495003002F, 93495003003F, 93495003004F, 93495003005F, and
934950030067,

The recoveries for the following spiked samples were low and below 30 percent: antimony and
chromium in spiked Sample 9348QQ003001F. The following detected results are qualified as
estimated (J3) and the nondetected results are qualified as rejected (R2) due to noncompliance with
mafrix spike criteria:-

- Antimony and chromium in Samples 9348Q003001F, 9348Q003002F, 9348QQ003003F,
9348Q003005F, 9348Q003007F, 9348(0003009F, 9348Q003011F, 9348(0003013F,
9348Q003015F, 9348Q003016F, 9348()003017F, 9348Q003018F, 9348T003019F,
9348T003021F, 9348T003023F, 9348T003025F, 9348T003027F, 9348T003029F,
9348T003030F, and 9348T003031F.

- Samples 9348T003042FUR and 9348T003042FSR were spiked in duplicate. All RPD values
were within control limits.

* Laboratory Duplicates: Samples 9342P003003F, 9348Q003001F, 9348T003057F, 93495003007F,
and 9348T003032F were analyzed in duplicate. The RPD values or the absclute differences for
the following duplicate samples were not within control limits: antimony in
Samples 9348T003057F and 9348Q003001F; chromium in Sample 93495003007F; iron in
Sample 93495003007F; lead in Sample 9348(QQ003001F; and tin in Samples 9348T003057F and
9348Q003001F. The following detected results are qualified as estimated (J2) due to
noncompliance with duplicate precision criteria:
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- Antimony in Samples 9348QQ003001F, 9348Q003002F, 9348Q003003F, 9348Q003005F,
9348Q003007F, 9348Q003009F, 9348Q003011F, 9348QQ003013F, 9348Q003015F,
9348Q003016F, 9348Q003017F, 9348Q003018F, 9348T003019F, 9348T003021F,
9348T003023F, 9348T003025F, 9348T003027F, 9348T003029F, 9348T003030F,
9348T003031F, 9348T003057F, 9348T003059F, 9348T003061F, 9348T003063F,
9348T003065F, 9348T003066F, 9348T003067F, 9348T003068F, 9348T003069F,
9348T003070F, 9348T003071F, 9348T003072F, 9348T003073F, 9348T003074F,
93495003001F, 93495003002F, 93495003003F, 93495003004F, 93495003005F, and
93495003006F.

- Chromium in Samples 93495003007F, 93495003008F, 9349S5003009F, 93495003010F,
9349S5003011F, 93495003012F, 9349Y003035F, 9349Y003036F, and 9349Y003037F.

- Iron in Samples 93495003007F, 93495003008F, 93495003009F, 93495003010F,
93495003011F, 93495003012F, 9349Y003035F, 9349Y003036F, and 9349Y003037F.

- Lead in Samples 9348QQ003001F, 9348Q003002F, 9348Q003003F, 9348(Q003005F,
9348(Q003007F, 9348Q003009F, 9348Q003011F, 9348Q003013F, 9348Q003015F,
9348()003016F, 9348Q003017F, 9348(Q0003018F, 9348T003019F, 9348T003021F,
9348T003023F, 9348T003025F, 9348T003027F, 9348T003029F, 9348T003030F, and
9348T003031F.

- Tin in Samples 9348Q003001F, 9348Q003002F, 9348Q003003F, 9348QQ003005F,
9348Q003007F, 9348Q003009F, 9348Q003011F, 9348QQ003013F, 9348Q003015F,
9348Q003016F, 9348(0003017F, 9348QQ003018F, 9348T003019F, 9348T003021F,
9348T003023F, 9348T003025F, 9348T003027F, 9348T003029F, 9348T003030F,
9348T003031F, 9348T003057F, 9348T003059F, 9348T003061F, 9348T003063F,
9348T003065F, 9348T003066F, 9348T003067F, 9348T003068F, 9348T003069F,
9348T003070F, 9348T003071F, 9348T003072F, 9348T003073F, 9348T003074F,
93495003001F, 93495003002F, 93495003003F, 93495003004F, 93495003005F, and
93495003006F.

* Calibration: The instrument calibration was reviewed for SDG 072976 only. All initial and
continuing calibrations were acceptable.

+ ICP Interference Check Sample (ICS): The ICS was reviewed for SDG 072976 only. All
recoveries were within control limits.

» ICP Serial Dilution analysis: Serial dilutions were reviewed for SDG 072976 only. The serial
dilution %D for zinc was not within the control limits. The following detected results are
qualified as estimated (J4) due to noncompliance with serial dilution criteria:

- Zinc in Samples 9348T003032F, 9348T003033F, 9348T003034F, 9348T003035F,
9348T003036F, 9348T003037F, 9348T003038F, 9348T003039F, 9348T003040F,
9348T003041F, 9348T003043F, 9348T003045F, 9348T003047F, 9348T003048F,
9348T003049F, 9348T003050F, 9348T003051F, 9348T003052F, 9348T003053F, and
9348T003055F.

* GFAA Post-Digestion Spikes: Post-digestion spikes were reviewed for SDG 072976 only. The
recoveries for tin in some samples were not within the control limits. The following detected and
nondetected results are qualified as estimated (J3) due to noncompliance with spike recovery

criteria:
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- Tin in Samples 9348T003033F, 9348T003037F, 9348T003041F, 9348T003045F,
9348T003048F, 9348T003049F, 9348T003050F, and 9348T003051F.

+ Compound Quantification: This was reviewed for SDG 072976 only. No errors in quantification
were encountered.

D3.2 EPA Test Method 7196 - Hexavalent Chromium
* Holding Times: Holding time criteria were met for all samples.

+ Blanks: No analytes were detected in the laboratory method blank. No field-generated blanks
were collected.

« BS/BSD: All recoveries and RPD values were within control limits.

e MS: The recoveries for hexavalent chromium (CrVI) matrix spikes associated with SDGs 072949,
073014, and 073031 were below 30 percent. The recovery for the CrVI matrix spike associated
with SDG 072976 was low but above 30 percent. Matrix spike samples were reanalyzed and
similar recoveries were obtained. BS/BSD data were acceptable, which indicates that the method
was in control. However, MS data indicate that the method, as applied to the site-specific sample
matrix, produces unreliable results. CrVI analysis is unique with respect to the stability of the
analyte in the matrix; under most field and laboratory analytical conditions, CrVI in soil will be
reduced to trivalent chromjum (Crlll) so rapidly that it is difficult to obtain acceptable CrVI
matrix spike recoveries. Data validation guidelines or data qualification protocol do not provide
for an appropriate mechanism to address data quality under these unique circumstances.
Therefore, the N2 (Not Qualified) code has been applied to the CrVI results. Data usability for
CrVI results is addressed in further detail in Section 4.4 of the Introduction to Volume II of the
RI/FS report.

* Laboratory Duplicates: Samples 9348Q003001F, 9348T003032F, 9348T003057F, and
93495003007F were analyzed in duplicate. All results were nondetected.

» Calibration: The instrument calibration was reviewed for SDG 072976 only. All initial and
continuing calibrations were acceptable.

D3.3 EPA Test Method 9045 - Soil pH

* Holding Times: All samples except 9345P003023F were analyzed for pH beyond the 24-hour
holding time. All detected results in these samples are qualified as estimated (J5) due to
noncompliance with holding time criteria.

* Laboratory Duplicates: Samples 9348Q003001F, 9348T003032F, 9348T003057F, and
93498003007F were analyzed in duplicate. All values were within contro] limits.

D3.4 EPA Test Method 9081 - Cation Exchange Capacity
* Holding Times: Holding time criteria were met for all samples.

» Blanks: No analytes were detected in the laboratory method blanks. No field-generated blanks
were collected.

« BS/BSD: All recoveries and RPD values were within control limits.
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+ Calibration: The instrument calibration was reviewed for SDG 072976 only. All calibrations
were acceptable.

D3.5 EPA Test Method PM-10 - Total Suspended Particulates

No QA/QC informatjon was provided for this analysis. One field blank (9345P003023C) was
analyzed, with no total suspended particulates detected.

D4.0 QA/QC SUMMARY
D4.1 Laboratory QC Summary

No QC issues were raised in any Site 3 case narrative that were not previously discussed in this
appendix.

D4.2 Completeness

Completeness is defined as the ratio of the number of acceptable data points to the total number of
data points reported. The following criteria were used to identify whether a data point is acceptable
in the completeness calculation. Hexavalent chromium was not included in the completeness

calculation because of sample matrix considerations and its unique QC circumstances.

»  All data points in a sample for which the holding time criterion was not met will not be counted
as acceptable in the completeness calculation

» All data points that received an R-qualifier in the data validation will not be counted as
acceptable in the completeness calculation.

For Site 3, completeness of the data for the requested test methods are as follows:

EPA Test Method 415.1 - Total Organic Carbon 100%

EPA Test Method 6010/7000 - metals 99%

EPA Test Method 7196 - Hexavalent Chromium NA

EPA Test Method 9045 - Soil pH 1%

EPA Test Method 9081 - Cation Exchange Capacity 100%
D4.3 Data Quality Summary

Results of the data validation indicate that the data are useable when the data quality objectives of
the project are considered. Data quality objectives are presented in Section 4.4 of this report. The
completeness goal of 80 percent was met for all test methods except pH.

Only one sample for pH was analyzed within analytical holding time. All other samples were
analyzed for pH after the holding time had expired.

* Results of 168 sample analyses for antimony, copper, iron, lead, and tin were qualified as
estimated due to high recoveries for blank spikes or matrix spikes. A high spike recovery can
result from either a sample matrix effect or a measurement bias in the analytical system. This
could result in the overestimation of the amount of these metals in the associated samples, which
would add to the conservativeness of the contamination assessment.
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Thirty-four analytical results for antimony, iron, and zinc were qualified as estimated due to low
blank spike or matrix spike recoveries. All of the spike recoveries were above 45 percent. This
could result in an underestimation of actual concentrations; including reporting of false
negatives. However, for these metals, the laboratory instrument detection limits are at least
one-third of the reporting limit for these metals. Therefore, because the laboratory can detect
these metals well below their respective reporting limits, it is unlikely that false negatives were
reported. In addition, these metals are generally co-located with lead, which is the primary
chemical of concern.

In 118 sample analyses, results for antimony, chromium, iron, lead, and tin were qualified as
estimated because laboratory duplicate precision criteria were not met. Duplicate precision
criteria are a measure of the stability of the analytical system. They do not indicate that
instrument sensitivity is affected, and the potential for false negatives or false positives is very
low.

Twenty sample analytical results for zinc were qualified as estimated because the serial dilution
criterion for inductively coupled plasma (ICP) was not met. Serial dilution outside control limits
indicates a sample matrix effect that varies as the sample is diluted. This does not indicate that
instrument sensitivity is affected, and the potential for false negatives or false positives is very
low because samples containing low concentrations would not be significantty diluted.

Twenty sample analytical results for antimony and chromium were qualified due to matrix spike
recoveries below 30 percent. Of these, nine results for antimony were "Not Detected" (ND) and
qualified as rejected. The remaining sample results were detected and were qualified as
estimated. When the spike recovery is below 30 percent, the potential for reporting false
negatives is significant. Antimony and chromium are generally collocated with lead, which is the
Pprimary contaminant.

Four SDGs had CrVI matrix spike recoveries below the control limits; three of the spike
recoveries were below 30 percent. Matrix spike samples were reanalyzed and similar recoveries
were obtained. BS/BSD data indicate that the method was in control. MS data indicates that the
method, as applied to the site-specific sample matrix, produces unreliable results. CrVI analysis
is unique with respect to the stability of the analyte in the matrix; under most field and
laboratory analytical conditions, CrVI in soil will be rapidly reduced to trivalent chromivm
(CrIll), rendering CrvI matrix spike data inconclusive. Data validation guidelines or data
qualification protocol do not provide for an appropriate mechanism to address data quality under
these unique circumstances. Therefore the N2 (Not Qualified) code has been applied to the CrVI
results. HLA believes that the CrVI data are usable even when associated with poor QC results,
because matrix spike data indicate that soil conditions at the site do not favor the formation or
stability of CrVI. Further discussion of CrVI results can be found in Section 4.4 of the
Introduction to Volume II of the RI/FS report.

D4.4 Corrective Action

The following corrective actions have been recommended to Enseco regarding future analytical work:

Provide more detail in the case narratives about any anomaly encountered in the course of the
sample analysis. Include descriptive notations made by the bench chemists regarding the
interpretation and deconvolution of QC information. Such details can be of great value to
reviewers in the data validation efforts. Consequently, the data can be correctly qualified.
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» Find a different source of soil blank spikes for metals. A different source should minimize much
of the metals data resulting from blank spike exceedances

+ Reextract and reanalyze affected samples at least once in the event that blank spike or matrix
spike control limits are exceeded. This will result in an improved mechanism for assessing if QC
exceedances are due to laboratory error or matrix effects. Make every effort to perform
reextractions and reanalyses within specified holding times.
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Table D-1. Samples Collected from Site 3
Volume Il - Remedial Investigation, Basewide RI/FS

Fort Ord, California

Lab
Number

Station
Number

Sample
Type

Sample
Number

072675-0001
072949-0001
072949-0002
072949-0003
072949-0004
072949-0005

072949-0006
072949-0007
072949-0008
072949-0009
072949-0010

072949-0011
072949-0012
072949-0013
072949-0014
072949-0015

072949-0016
072949-0017
072949-0018
072949-0019
072949-0020

072976-0001
072976-0002
072976-0003
072976-0004
072976-0005

072976-0006
072976-0007
072976-0008
072976-0009
072976-0010

072976-0011
072976-0012
072976-0013
072976-0014
072976-0015

Volume Il
A33690-H
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Firing Range 12
Areal-X-2 at 0.13'
Areal-X-2 at 0.75'
Areal-X-2 at 2.75'
Areat-U-6 at 0.13'
Areal-U-6 at 0.92'

Areal1-U-6 at 2.75'
Area1-0-9 at 0.13'
Area1-0-9 at 1.0’
Area1-0-9 at 2.75
Area1-K-13 at 0.13'

Areal-K-13 at 1.0
Area1-K-13 at 2.75'
Areal-M-2 at 0.13'
Areal-M-2 at 2.25'
Areal-M-2 at 6.25'

Areal-D-1 at 0.13'
Areal-D-1 at 0.33'
Areal-D-1 at 2.25'
Areal-K-4 at 0.13'
Areal-K-4 at 0.96'

Area1-K-4 at 2.25'
Areal-1-9 at 0.13'
Areal-I-9 at 0.75'
Areal-I-9 at 2.25°

Areal-E-15 at 0.13'

Area1-E-15 at 0.75'
Areal-E-15 at 2.25'
Areal-C-14 at 0.13'
Areal-C-14 at 0.75'
Area1-C-14 at 2.25'

Control-S-31 at 0.13’
Control-5-31 at 0.88
Control-S-31 at 2.25'
Control-A-31 at 0.13’
Control-A-31 at 0.88'

Harding Lawson Associates

Rainwater
Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

9345P003023F
9348Q003001F
9348Q003002F
9348Q003003F
9348Q003005F
9348Q003007F

9348(Q003009F
9348Q003011F
9348Q003013F
9348Q003015F
9348Q003016F

9348()003017F
9348Q003018F
9348T003019F
9348T003021F
9348T003023F

9348T003025F
9348T003027F
9348T003029F
9348T003030F
9348T003031F

9348T003032F
9348T003033F
9348T003034F
9348T003035F
9348T003036F

9348T003037F
9348T003038F
9348T003039F
9348T003040F
9348T003041F

9348T003043F
9348T003045F
9348T003047F
9348T003048F
9348T003049F
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10f5



Table D-1. Samples Collected from Site 3
Volume |l - Remedial Investigation, Basewide RI/FS

Fort Ord, California

Lab
Number

Station
Number

Sample
Type

Sample
Number

072976-0016
072976-0017
072976-0018
072976-0019
072976-0020

073014-0001
073014-0002
073014-0003
073014-0004
073014-0005

073014-0006
073014-0007
073014-0008
073014-0009
073014-0010

073014-0011
073014-0012
073014-0013
073014-0014
073014-0015

073014-0016
073014-0017
073014-0018
073014-0019
073014-0020

073031-0001
073031-0002
073031-0003
073031-0004
073031-0005

073031-0006
073031-0007
073031-0008
073031-0009

Volume I
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Control-A-31 at 2.0'

Control-Beach at 0.13'
Control-Beach at 0.88'

Control-Beach at 2.0'
AreaZ?-E-35 at 0.13'

Area2-E-35 at 0.33'
Area2-E-35 at 1.75'
Area?2-1-35 at 0.08'
Area2-1-35 at 0.29
Area2-1-35 at 1.75'

Area2-G-37 at 0.13'
Area2-G-37 at 0.33'
Area2-G-37 at 1.75'
Area2-1.-39 at 0.13'
Area2-1-39 at 0.38'

Area2-1-39 at 1.75'
Area2-G-43 at 0.13'
Area2-G-43 at 0.75'
Area2-G-43 at 1.75
Area2-5-38 at 0.13

Area2-5-38 at 0.88'
Area2-5-38 at 2.25'
Area2-P-39 at 0.13'
Area2-P-39 at 0.63'
Area2-P-39 at 2.0'

Area2-M-38 at 0.13'
Area2-M-38 at 1.13'
Area2-M-38 at 2.13'
Area2-5-19 at 0.13'
Area2-5-19 at 0.88'

Area2-5-19 at 2.25'

M-41 Area2-M-1 at 0.13'
M-41 Area2-M-1 at 1.25'
M-41 Area2-M-1E at 2.25'

Harding Lawson Associates

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Sail
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil
Soil

Soil
Soil
Soil
Soil

9348T003050F
9348T003051F
9348T003052F
9348T003053F
9348T003055F

9348T003057F
9348T003059F
9348T003061F
9348T003063F
9348T003065F

9348T003066F
9348T003067F
9348T003068F
9348T003069F
9348T003070F

9348T003071F
9348T003072F
9348T003073F
9348T003074F
93495003001F

93495003002F
93495003003F
93495003004F
93495003005F
93495003006F

93495003007F
93495003008F
93495003009F
93495003010F
93495003011F

93495003012F
9349Y003035F
9349Y003036F
9349Y003037F
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Table D-1. Samples Collected from Site 3
Volume |l - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Lab
Number

Station
Number

Sample
Type

Sample
Number

073115-0001
073115-0002
73115-0003

073115-0004
073115-0005

073115-0006
073115-0007
073115-0008

073115-0009 .

073115-0010

073115-0011
073115-0012
073115-0013
073115-0014
073115-0015

073115-0016
073115-0017
073115-0018
073115-0019
073115-0020

073115-0021
073115-0022
073115-0023
073115-0024
073115-0025

073115-0026
073115-0027
073115-0028
073115-0029
073115-0030

073677-0001
073677-0002
073677-0003
073677-0004

073677-0005 .

Volume i
A33690-H

November 19, 1994

Control-S-31 at 0.13'
Control-S-31 at 2.25'
Control-S-31 at 0.88

Area2-E-35 at 0.33'
Area2-E-35 at 1.75'

Area2-E-35 at 0.13'
Area2-I-35 at 1.75'
Area2-1-35 at 0.29'
Area2-I-35 at 0.08
Areal-M-2 at 2.25'

Areal-M-2 at 6.25'
Areal-M-2 at 0.13'
Areal-U-6 at 0.92
Areal1-U-6 at 0.13'
Areal-U-6 at 2.75'

Control-5-31 at 0.13'
Control-8-31 at 2.25'
Control-8-31 at 0.88'

Area2-E-35 at 0.33'
Area2-E-35 at 1.75'

Area2-E-35 at 0.13'
Area2-1-35 at 1.75'
Area2-1-35 at 0.29'
Area2-1-35 at 0.08'
Areal-M-2 at 2.25'

Areal-M-2 at 6.25'
Areal-M-2 at 0.13'
Areai-1J-6 at 0.92'
Area1-1J-6 at 0.13'
Areal-U-6 at 2.75'

Control-8-31 at 0.13'
Control-5-31 at 2.25'
Control-5-31 at 0.88'

Area2-E-35 at 0.33'
Area2-E-35 at 1.75'

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Harding Lawson Assoclates

9348T003042FSR
9348T003046FSR
9348T003044F5R
9348T003056FSKR
9348T003058FSR

9348T003054FSR
9348T003064FSR
9348T003062FSR
9348T003060FSR
9348T003020FSR

9348T003022FSR
9348T003075FSR
9348T003006FSR
9348T003004FSR
9348T003008FSR

9348T003042FSS
9348T003046FSS
9348T003044FS55
9348T003056FSS
9348T003058FSS

9348T003054FSS
9348T003064F5S
9348T003062FSS
9348T003060FSS
9348T003020FSS

9348T003022FSS
9348T003075FSS
9348T003006FSS
9348T003004FSS
9348T003008FSS

9348T003042FUR
9348T003046FUR
9348T003044FUR
9348T003056FUR
9348T003058FUR

Site 3
3of5



Table D-1. Samples Collected from Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Lab
Number

Station
Number

Sample
Type

Sample
Number

073677-0006
073677-0007
073677-0008
073677-0009
073677-0010

073677-0011
073677-0012
073677-0013
073677-0014
073677-0015

073677-0016
073677-0017
073677-0018
073677-0019
073677-0020

073677-0021
073677-0022
073677-0023
073677-0024
073677-0025

073677-0026
073677-0027
073677-0028
073677-0029
073677-0030

074061-0001
074061-0002
074061-0003
074061-0004
074061-0005

074061-0006
074061-0007
074061-0008
074061-0009
074061-0010

Volume 11
A33690-H

November 19, 1994

_Area2-E-35 at 0.13'

Area2-I-35 at 1.75'
Area2-I-35 at 0.29'
Area2-1-35 at 0.08'
Areal-M-2 at 2.25'

Areal-M-2 at 6.25'
Areal-M-2 at 0.13'
Areal-U-6 at 0.92
Areal-U-6 at 0.13'
Areal-U-6 at 2.75'

Control-8-31 at 0.13'
Control-$-31 at 2.25'
Control-S-31 at 0.88'

Area2-E-35 at 0.33'
Area2-E-35 at 1.75

Area2-E-35 at 0.13'
Area2-1-35 at 1.75'
Area2-1-35 at 0.29'
Area2-I-35 at 0.08'
Areal-M-2 at 2.25'

Areal-M-2 at 6.25'
Areal1-M-2 at 0.13'
Area1-1J-6 at 0.92'
Areal-U-6 at 0.13'
Area1-U-6 at 2.75'

1A-FILT-001
1A-FILT-002
1C-FILT-003
1A-FILT-004
1A-FILT-005

1C-FILT-006
1B-FILT-007
1A-FILT-008
1C-FILT-009
1B-FILT-010

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Leachate
Leachate
Leachate
Leachate
Leachate

Filter
Filter
Filter
Filter
Filter

Filter
Filter
Filter
Filter
Filter

Harding Lawson Associates

9348T003054FUR
9348T003064FUR
9348T003062FUR
9348T003060FUR
9348T003020FUR

9348T003022FUR
9348T003075FUR
9348T003006FUR
9348T003004FUR
9348T003008FUR

9348T003042FUS
9348T003046FUS
9348T003044FUS
9348T003056FUS
9348T003058FUS

9348T003054FUS
9348T003064FUS
9348T003062FUS
9348T003060FUS
9348T003020FUS

9348T003022FUS
9348T003075FUS
9348T003006FUS
9348T003004FUS
9348T003008FUS

9342P003001F
9342P003002F
9342P003003F
9343P003001F
9343P003002F

9343P003003F
9343P003004F
9343P003005F
9343P003006F
9343P003007F

Site 3
do0t5



Table D-1. Samples Collected from Site 3
Volume |l - Remedial Investigation, Basewide RI/FS

Fort Ord, California

November 19, 1994

Lab Station Sample Sample
Number Number Type Number
074061-0011 1A-FILT-011 Filter 9343P003008TF
074061-0012 1B-FILT-012 Filter 9343P003009F
074061-0013 1C-FILT-013 Filter 9343P003010F
074061-0014 1A-FILT-014 Filter 9344R003001F
074061-0015 1B-FILT-015 Filter 9344R003002F
074061-0016 1C-FILT-016 Filter 9344R003003F
074061-0017 1A-FILT-017 Filter 9344R003004F
074061-0018 1B-FILT-018 Filter 9344R003005F
074061-0019 1C-FILT-019 Filter 9344R003006F
074061-0020 1A-FILT-020 Filter 9344P003011F
074061-0021 1B-FILT-021 Filter 9344P003012F
074061-0022 1C-FILT-022 Filter 9344P003013F
074061-0023 1A-FILT-023 Filter 9344P003014F

- 074061-0024 1B-FILT-024 Filter 9344P003015F
074061-0025 1C-FILT-025 Filter 9344P003016F
074061-0026 1A-FILT-026 Filter 9344P003017F
074061-0027 1B-FILT-027 Filter 9344P003018F
074061-0028 1C-FILT-028 Filter 9344P003019F
074061-0029 1A-FILT-029 Filter 9345P003020F
074061-0030 1B-FILT-030 Filter 9345P003021F
074061-0031 1C-FILT-031 Filter 9345P003022F
074061-0032 Field Blank Filter 9345P003023C
Note: First six digits report the SDG number.

Volume II Harding Lawson Associates Site 3
A33690-H S50f5
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APPENDIX E

ASTM METHOD D 4793-88
STANDARD TEST METHOD FOR SEQUENTIAL
BATCH EXTRACTION OF WASTE WITH WATER
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qsw Designation: D 4793 — 88

Standard Test Method for

Sequential Batch Extraction of Waste with Water®

This standard is issued under the fixed designation D 4793; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editonial change since the last revision or reapproval.

1. Scope

1.1 This test method is -a procedure for the sequential
laching of a waste containing at least five % solids to
ecenerate solutions to be used to determine the constituents
teached under the specified testing conditions.

1.2 This test method calls for the shaking of a known
weight of waste with water of a specified purity and the
sparation of the aqueous phase for analysis. The procedure
is conducted ten times in sequence on the same sample of
waste, and generates ten aqueous solutions.

1.3 This standard may involve hazardous materials, oper-
arions, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

). Referenced Documents

2.1 ASTM Standards:
D75 Practice for Sampling Aggregates?

D420 Practice for Investigating and Sampling of Soil and .

Rock for Engineering Purposes®

D 1129 Terminology Relating to Water?

D 1193 Specification for Reagent Water*

D2216 Test Method for Laboratorv Determination of
Water (Moisture) Content of Soil, Rock, and Soil-
Aggregate Mixtures®

D 2234 Method for Collection of a Gross Sample of Coal®

D 2777 Practice for Determination of Precision and Bias
of Applicable Methods of Committee D-19 on Water*

D 3370 Practices for Sampling Water*

E 122 Practice for Choice of Sample Size to Estimate a
Measure of Quality for a Lot or Process®

3. Terminology

3.1 Definitions:

3.1.1 For definitions of terms used in this test method, see
Terminology D 1129.

3.2 Symbols:
. 321 Variables listed in this test method are defined in the
Individual sections where they are discussed. A list of defined

——

" This 1est method is under the jurisdiction of ASTM Committee D-34 on
e Disposal and is the direct responsibility of Subcommitee 3402 on
F-i5ical and Chemical Characterization.
Current cdiuon approved Oct. 31. 1988. Published December (988,
~Annual Book of ASTM Standards. Vol 04.03
:.—Irmual Book of ASTM Standards. Vol 03.08
Aanual Book of ASTM Standards. Vol 11.01.
; Annval Book of ASTN Standurds. Vol 03.05.
Annual Book of AST Standurds. Vol 1402,

Ly

vanables is also given in Section 11.
3.2.2 Explanation of Variables:

X, = total mean value

X, = analytical mean value (calculated using data from
analysis of standards)

S, = total standard deviation

S,z = analytical standard deviation

S, = estimated standard deviation due to the extraction
procedure

S, = total single operator standard deviation

S,. = analvtical single operator standard deviation

S,. = estimated single operator standard deviation due to

the extraction procedure

4, Significance and Use

4.1 This test method is intended as a means for obtaining
sequential extracts of a waste. The extracts may be used to
estimate the release of certain constituents of the waste under
the laboratory conditions described in this test method.

4.2 This test method is not intended to provide extracts
that are representative of the actual leachate produced from a
waste in the field or to produce extracts 1o be used as the sole
basis of engineering design.

4.3 This test method is not intended to simulate site-
specific leaching conditions. It has not been demonstrated to
simulate actual disposal site leaching conditions.

4.4 An intent of this test method is that the final pH of
each of the extracts reflect the interaction of the extractant
with the buffering capacity of the waste.

4.5 An intent of this test method is that the water
extractions reflect conditions where the waste is the domi-
nant factor in determining the pH of the extracts.

4.6 This test method produces extracts that are amenable
to the determination of both major and minor constituents.
When minor constituents are being determined, it is espe-
cially important that precautions are taken in sample storage
and handling to avoid possible contamination of the sam-
ples.

4.7 This test method has been tested to determine its
applicability to certain inorganic components in the waste.
This test method has not been tested for applicability to
organic substances and volatile matter (see 5.11).

4.8 The agitation technique, rate, liquid-to-solid ratio,
and filtration conditions specified in the procedure may not
be suitable for extracting all types of wastes (see Sections 7, 8,
and the discussion in Appendix X1).

5. Apparatus

5.1 Two Drving Pans or Dishes per waste (for example,
aluminum tins. porcelain dishes, glass weighing pans) suit-

LA

P
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FIG. 1 Extractors

able to the waste being tested and the instructions given in
9.2

5.2 Drying Oven,

3.3 Desiccator.

5.4 Laboratory Balance capable of weighing to 0.] g

5.5 Pipet. 10-mL capacity,

5.6 Two Crucibles peér waste, porcelain, 20-mL capacity
each.

3.7 Analvtical Balance capable of weighing 10 Q.1 meg.

5.8 Large Glass Funnel,

5.9 Agitation Equipment, of any type that rotates about
central axis at a rate of 30 * 2 r/min, (see Fig. 1| ar
discussion of agitation in Appendix X1).

5.10 Pressure  Filtration Assembly, TFE-Nuorocarbc
coated stainless steel pressure device equipped with a 0.4.
um cellulose membrane filter. ’

5.11 Extraction Vessels, round, wide-mouth, of a comp
sition suitable 1o the nature of the waste and analyses to t
performed. and constructed of materials that will not allo
sorption of constituents of interest, Container size should t
selected so that the sample plus test water OCCUpy approx
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mately 95 % of the container. Containers must have a water
;eht closure.

gh Containers for samples where gases may be
released should be provided with a venting mechanism.

~ove 1—The venting of the container has the potential to affect the
moccmration of volatile compounds in the extracts. Containers should
be deaned in 2 manner consistent with the analyses 1o be performed.

6. Reagents

6.1 Purity of Reagents—Reagent grade chemicals shall be
used ip all tests. Unless otherwise indicated, it is intended
that all reagents shall conform to the specifications of the
american Chemical Society, where such specifications are
Jwailable.” Other grades may be used, provided it is first
scertained that the reagent is of sufficiently high purity to
permit its use without lessening the accuracy of the determi-
pation.

6.2 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean Type IV reagent
water at 18 to 27°C (Specification D 1193). The method by
which the water is prepared, that is, distillation, ion ex-
change, reverse osmosis, electrodialysis, or a combination
thereof, should remain constant throughout testing.

7. Sampling

7.1 Obtain a representative sample of the waste to be
1ested using ASTM sampling methods developed for the
specific industry where available (see Practices D 75 and
D 420 and Method D 2234).

7.2 Where no specific methods are available, sampling

. methodology for material of similar physical form shall be

used.

7.3 A minimum sample of 5000 g shall be sent to the
laboratory (see Practice E 122).

74 It is important that the sample of the waste be
representative with respect to surface area, as variations in
s:.l_rface area would directly affect the leaching characteristics
ol the sample. Waste samples should contain a representative
distribution of particle sizes.

7.5 Keep samples in closed containers appropriate to the
ample type prior to the extraction in order to prevent
sample contamination or constituent loss. Where it is desired
1o extract biologically or chemically active samples in their
existing state, store the samples at 4°C (Practices D 3370)
and start the extraction within 8 h. Where it is desired to
exuract such samples in a state representative of the results of
Yological or chemical activities, the samples may be specifi-
cly handled to simulate such activities. Record the storage
conditions and handling procedures in the report.

8 Sample Preparation

8.1 For free-flowing particulate solid wastes, obtain a
Smple of the approximate size required in the test by
Quartering the sample (Section 7) received for testing on an
Impermeable sheet of glazed paper, oil cloth. or other flexible
Materia] as follows:

--_--_-_-H—————‘

Reagent Chemicals, American Chemical Socicty Specificauons.” Am.
: ;:\31 Soc.. Washington. DC. For suggestions on the testing of reagents not
Y the Amencan Chemical Society. see “Reagent Chemicals and Standards.™

B ) .
¢ “0%ph Rosin, D. Van Nostrand Co.. Inc., New York. NY. and the “Unied
Saze Pharmacopcm,"
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8.1.1 Empty the sample container into the center of the
sheet.

8.1.2 Flauen out the sample gently with a suitable
straightedge until it is spread uniformly to a depth at least
twice the maximum particle diameter.

§.1.3 Remix the sample by lifting a corner of the sheet
and drawing it across, low down, to the opposite corner in a
manner that the material is made to roll over and over and
does not merely slide along. Continue operation with each
corner, proceeding in a clockwise direction. Repeat this
operation ten times.

8.1.4 Lift all four comers of the sheet towards the center
and holding all four comers together, raise the entire sheet
into the air to form a pocket for the sample.

2.1.5 Repeat 8.1.2.

8.1.6 With a straightedge (such as a thin-edged yard stick),
on at least as long as the flattened mound of sample, gently
divide the sample into quarters. Make an effort to avoid
using pressure on the straightedge sufficient to cause damage
10 the particles.

8.1.7 Discard alternate quarters.

8.1.8 If further reduction of sample size is necessary,
repeat 8.1.3 through 8.1.7. Use a sample size to give 100 g of
solid for each extraction. Provide additional samples for
determination of solids content. If smaller samples are used
in the test, report this fact.

8.2 For field-cored solid wastes or castings produced in
the laboratory, cut a representative section weighing approx-
imately 100 g for testing plus samples for determination for
solids content. Shape the sample so that the leaching solution
will cover the material 10 be leached.

8.3 For multiphasic wastes, mix thoroughly to ensure that
a representative sample will be withdrawn. Take samples for
determination of solids content at the same time as the test
samples.

9. Procedure

9.1 Record the physical description of the sample to be
tested including particle size so far as it is known.

9.2 Solids Content—Determine the solids content of two
separate portions of the sample as follows:

9.2.1 Dry 10 a constant weight at 104 =+ 2°C two dishes or
pans of size suitable to the solid waste being tested. Cool in a
dessicator and weigh. Record the values to =0.1 g.

9.2.2 Put an appropriately sized portion of sample of the
waste 1o be tested into each pan. Scale the weight used 10 the
physical form of the waste tested. Use a minimum of 50 g
but use larger samples where particles larger than 10 mm in
average diameter are being tested. Weigh. Record the mass to
+0.1 g.

9.2.3 Dry 16 to 20 h at 104 + 2°C. Record the tempera-
ture and time of the drving period.

9.2.4 Cool to room temperature in a dessicator and
reweigh. Record the mass to 0.1 g.

9.2.5 Repeat steps 9.2.3 and 9.2.4 unul constant con-
tainer-sample masses are obtained. Discard the dred samples
following completion of this step.

9.2.6 Calculate the solids content of the sample {rom the

data obtained in 9.2.2 and 9.2.4 as follows:
S=.4/8 (n

where:
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mass of sample after drying, g,

onginal mass ol sample, g, and
= solids content, g/g.

Average the two values obtained. Record the solids content.

9.3 Extraction Procedure—Determine the mass of the
extraction vessel to be used in the extraction procedure to the
nearest 0.1 g. Record the mass of the extraction vessel, M,,.
Use one extraction vessel per waste throughout the sequence
of extractions.

9.3.1 Add 100 g (weighed to 0.1 g) of solid waste on a
dry weight basis to the extraction vessel. Calculate the
amount of waste as received to add using the equation:

100

M="5

tr b

@

where:
M = mass of waste as received to add to the extraction vessel
to give 100 g (weighed to +0.1 g) of solid waste.
9.3.2 Add a volume in mL, V,;, of test water (see 6.2) to
the extraction vessel determined using the equations:

M, =M—100 (3)
where:
M,, = mass of moisture (g) in the sample added to the
extraction vessel, and
V, =2000— M, “)

9.3.3 Agitate continuously for 18 £ 0.25 h at 18 t0 27°C.
Record the agitation time and temperature.

9.3.4 Open the extraction vessel. Observe and record any
visible physical changes in the sample and leaching solution.
Record the pH of the waste/leaching solution shurry.

9.4 Filtration-—Transfer as much of the waste/leaching
solution as possible through a large glass funnel to a pressure
filtration device equipped with a 0.45-um cellulose mem-
brane filter. Transfer the mixed slurry. Do not decant. Invert
the extraction vessel over the filtration device and allow the
liquid to drain from the solid remaining in the extraction
vessel for I min. It is important to achieve as complete a
transfer of fluid from the extraction vessel to the filtration
device as possible. Pressure filter the liquid through the
0.45-pm filter using nitrogen gas. After the extract has passed
through the filter, continue running nitrogen gas through the
filtration device at 30 psi for 3 min. The filtrate obtained is
the extract mentioned in this test method (see 9.5 and 10.8).
Determine the volume of the filtrate collected and report it
as V for that extraction step. Measure the pH of the extract
immediately, remove the volume of filtrate necessary for
determination of total dissolved solids content in 9.5, and
then preserve the extract in a manmner consistent with the
chemical analyses or biological testing procedures to be
performed (Practices D 3370).

9.5 Total Dissolved Solids Content, (TDS)—Pipette two
10.0-mL samples of the extract and transfer each to a dried,
preweighed crucible (weighed to £0.1 mg). Place the samples
in a drying oven at 110°C for 3 h. Record the drying oven
temperature and drying time. Remove the crucibles and let
cool in a dessicator. Reweigh the crucibles and record their
weights 10 £0.1 mg.

NoTe 2--Only one drving is performed to limit the contact time
between the solid and the rinse water in the extraction vessel prior to the
next extraction step (see 9.6. 9.7. and 9.8). ’
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9.6 Quantitatively transfer the damp solid from the fi:
back to the original extraction vessel, including the 0.45.,
membrane filter. Use water (see 6.2) from a pre-weig)
wash bottle to assist in this transfer and 10 rinse the filtrat,
device. No mare than 500 mL of water should be used
nusing. Use the smallest volume of wash water possible
achieve a thorough transfer. Using tweezers or a sim:
device, recover the 0.45-pm membrane filter and rinse -
adhering solid into the extraction vessel with water from -
pre-weighed wash bottle. Do not leave the filter in -
extraction vessel. Reweigh the wash bottle to determine -
amount of water used in the trapsfer. Record this value
M, Weigh the extraction vessel following the tran
described above and record this value as M,. The extract:
vessel may be sealed until a feasible time for addition of n
extraction fluid. This is to enable filtration duning the n
sequence at a reasonable time during the day. If the slurn
stored for longer than 6 h in the extraction vessel prior to:
addition of new extraction fluid, the data generated by 1
analysis of the extracts should be plotted to check
perturbation of the data curve.

10. Calculation

10.1 Calculate the total dissolved solids contents, TDS.
milligrams per litre of the filtrate using the follow:
equation:

TDS = (M,. — M_)(100)

where:
M, = mass of the crucible and dried solids, mg and
M_ = mass of the crucible, mg.
10.2 Calculate the mass of the solid 1n grams lost throu
dissolution, M, using the following equation:

M, = (TDSYVX.001)

where:
¥V = volume of filirate collected in that extraction, L, a1
M, = mass loss through dissolution.

10.3 Calculate the mass of the solid corrected for T1
remaining for the next extraction step, M, using the {
lowing equation:

M

=M, - M,

where:

M7 = mass of the solid extracted in the current extract
step, g.

Note 3—For example in beginning the first extraction, M,*" 1
equal 100 g and to calculate the mass of solid remaining for the secc
extraction step. M, will equal 100 g — M.

10.4 Calculate the combined mass of the solid and t
residual liquid in the extraction vessel, Afy, using t
equation:

My=M —M,—-M,

10.5 Calculate the mass of liquid adhering to the solids

the extraction vessel, M, using the equation:

M= M, - M, ‘

10.6 Calculate the volume in millilitres of new test wa:

1o be added 1o the extraction vessel, Test Water Volumr
(TWV), using the following equation:

THT = [(MY20)] - M, — M., (i

10.7 Add 10 the extraction vessel the amount of new L
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et TWYV, determined in 10.6 and repeat 9.3.3 through
0.7 50 that ten extractions are done in sequence.

wort 4—This procedure assumes that the amount of waste that is
:vPCdl in the filters after rinsing is negligible.

10.8 Analyze the extracts for specific constituents or
ries or use the extracts for biological testing procedures
g desired using appropriate ASTM standard methods.
Where 0O appropriate ASTM methods exist, other methods
may be used and recorded in the report. Where phase
yration occurs during the storage of the extracts, appro-
paate mixing should be used to ensure the homogeneity of
the extracts prior to their use in such analyses or testing.
10.9 Compensation for Carry-Over—For each constituent
i each of the extracts generated in the extraction sequence,
the contribution to concentration from the residual liquid
from the previous extraction step, C;, can be calculated using
the equation:

G = M 20(M H]IC]) (1

shere:

¢, = concentration of the constituent in the filtrate from
the previous extraction step,

M, = M, from the previous extraction step, and

M, <! = mass of solid extracted in the current extraction
step (see Note 3).

11. Definition of Variables

11.1 The following variables must be determined when

performing the sequential batch extraction procedure:

AL1.1 Solids Content Determination:

4 =the mass of the sample after drying in the
determination of the solids content of the waste
10 be extracted, g,

8 = the original mass of the sample prior to drying in
the determination of the solids content of the
waste to be extracted, g, and

S = the solids content of the waste to be extracted,
g/g.

W.1.2 First Extraction Step:

M =the mass of waste as received added to the
extraction vessel to give 100 g (weighted to
+0.1 g) of solid on a dry weight basis for the
first extraction step, g,

= the volume of test water to be added for the

first step in the extraction procedure, mL, and

M, = the mass of the moisture in the sample to be

extracted in the first extraction step, g.

1L1.3 TDS petermination-
S = the total dissolved solids content of the fil-
trate, mg/L,
= the mass of the crucible to be used in the TDS
determination, mg, and
« = the mass of the crucible and dried solids in the
TDS determination, mg.

.

of

c

M

YLL4 Extraction Segquence:
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M, = the mass of the solid lost through dissolution
during extraction, g,

vV = the volume of filtrate collected in that ex-
traction, L,

M, = the mass of the solid remaining for the next

extraction step, g,
M =' = the mass of the solid extracted in the current
extraction step, g,
= the mass of the empty extraction vessel, g,
= the mass of the rinse water, g,
= the combined mass of the extraction vessel,
rinse water, solid and moisture in the solid,
and solid and liquid left in the extraction
vessel after transfer to the filtering device, g,
= the combined mass of the solid and the
residual liquid in the extraction vessel fol-
lowing transfer of the moist sample cake
back to the extraction vessel, g,
= the mass of the liquid adhering to the solids
in the extraction vessel following transfer of
the moist sample cake back to the extraction
vessel, g, and
TWYV = the volume of test water to be added for the
next extraction step, mL.

M,

11.1.5 Compensation for Carry-Over:

G = the contribution to an constituent’s concen-
tration in the current step from the residual
liquid of the previous extraction step, mg/L,

M,  =the M, from the previous extraction step, g,

M,=! = the mass of solid extracted in the current
step, g, and

C; = the concentration of the constituent in the
filtrate from the previous extraction step,
mg/L.

12. Report

12.1 Report the following information:

12.1.1 Source of the waste, date of sampling, method of
sampling, method of sample preservation, storage condi-
tions, and handling procedures,

12.1.2 Description of the waste including physical charac-
teristics and particle size, if known (9.1),

12.1.3 Solids content (9.2) (see Test Method D 2216),

12.1.4 Mass of solid waste extracted if other than 100 g
(8.1.8),

12.1.5 Time and temperature used in the determination
of solids content and TDS,

12.1.6 Agitation temperature and time,

12.1.7 Flter used if other than 0.45-um cellulose mem-
brane,

12.1.8 Observations of changes in test material or leaching
solutions (9.3.4),

12.1.9 pH before and after filtration and results of specific
analyses calculated in appropriate units and corrected for
carry-over if necessary,

12.1.10 Dates sequential batch extraction started and
completed, preservation used for extracts, and date of
analyses.

Norte 5—Fig. 2 prescnts a report format for recording some of the
expenmental daia.
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Sample Humber:

In fGenerating ms v My Mo 1y M1 i Moy M i
Extract Number (mg/L) (L) (g) __ g} {q) (1) (BL (g? (g {
1
2
3
M
5
3
7
8
3
10

FIG. 2 Sequential Batch Procedure Data Sheet

13. Precision and Bias®

13.1 Precision:

13.1.1 A collaborative study of this test method involving
eight laboratories was conducted. Each laboratory extracted
a single sample in duplicate. The extracts generated in the
first, third, fifth, seventh, and tenth extraction steps were
analyzed by each participant and by a reference laboratory.
In addition, three standards containing high, medium, and
low concentrations of the elements of interest, aluminum,
calcium, copper, iron, magnesium, nickel, and zinc were
analyzed by each participant in triplicate in order to deter-
mine the analytical precision. From the data generated,
precision calculations were performed using Practice D 2777
as a guideline.

13.1.2 Three types of precision can be determined from
the data generated. These are the total standard deviation,
S, the analytical standard deviation, S,, and the estimated
standard deviation of the extraction procedure, S, The
standard deviations calculated using the data generated by
the individual laboratories from their analyses of the extracts
are due to a combination of both the extraction procedure
and the analytical errors (S,,). The precision data determined
from the analyses of the high, medium, and low standards

oresent those values due to analvtical error only (S,,), and
.ae standard deviation of the extraction procedure represents

* Supponting data for the precision statement and concerning analyucal bias
have been filed at ASTM Headquariers and may be obtained by requesting
RR:D34,1005.
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the estimated error due only to the extraction method (S,
The estimated standard deviation of the extraction proc
dure for each element of interest in extracts 1, 3, 5, 7, and .
was calculated using the equation:

Ste = (S112 - Staz !/’

These values along with the total and analytical mean valu
(X, and X,) and standard deviations are listed in Table 1.

13.1.3 The three types of precision values discussed i
13.1.2, total, analytical, and extraction procedure, can al:
be calculated based on a single operator. Calculations we:
performed 1o determine the total single operator precisio:
S, the single operator analytical standard deviation, S,
and the single operator estimated standard deviation of
extraction procedure, S, The single operator estimate
standard deviation of the extraction procedure was cala
lated using the equation:

Sae = (Sm2 - Saaz)%
The single operator precision values are listed in Table 2.-

13.1.4 The estimated precision of this sequential baic
extraction procedure varies with the concentration of each ¢
the seven constituents of interest in the collaborative stud
according to Figs. 3 to 9. These are plots of the esumate
percent relative standard deviation of the extraction methe
versus total mean concentration of the constituent.

13.1.5 For the concentration values determined in b
third. fifth. seventh, and tenth extracts, there does not appes
10 be a relationship between elemental concentration at
estimated precision of the extraction procedure. Because ©
the very limited data at higher concentrations, it cannot l?:

- patn
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nined if such a trend exists at higher concentration

however, the estimated precision of the extraction
Jure is generally best for the elemental concentration
determined in the first extract. .

13.1.6 These collaborauve test data were obtained
trough the extraction of a raw oil shale sample. For other

ials, these data may not apply.

13.1.7 The estimated precision of the extraction proce-
e includes the increase in variability that may be attribut-
i 10 field collection, laboratory crushing and sample

%
.'-(uxd

TABLE 1 Sequential Batch Extraction Round-Robin Study
satistical Data Summarized—Estimated Total Precision of the
Extraction Procedure (pg/g)

splitting, and distnbution of split samples to the various
laboratories for testing. The analytical precision was calcu-
lated using data determined for the standard solutions, and
as a result, does not include vanability due to vanious liquid
matrices.

13.2 Bias—Determination of the bias of this test method
1s not possible, as no standard reference material exists.
Information concerning the analytical bias determined from
the collaborative study of this procedure 1s available in
Research Report D34.1005.

TABLE 2 Sequential Batch Extraction Round-Robin Study
Statistical Data Summarized-—Estimated Single Operator Precision
of the Extraction Procedure (pg/g)

J——
Alumi- Cal- Cop- Mag- . . Alumi- Cal- Cop- Mag- . .
Exract 1 aum cium per Iron nesiom  TNickel  Zinc Extract 1 hum ciurm per Iron nesium  TVckel Zinc
X 75.4 982.0 123 682 189.0 63.3 237.0 X, 754 982.0 123 68.2 189.0 63.3 237.0
S. 101 286.0 2.69 9.49 19.6 6.52 253 Soc 2.3 28.0 0.687 0877 7.90 2.03 7.19
I, 54.2 1072.0 225 552 190.0 55.3 186.0 X, 542 1072.0 2.25 55.2 190.0 553 186.0
- 5.03 326.0 0.260 4.24 16.4 4.56 20.1 Soa 1.82 26.2 0.260 183 5.05 2.30 3.84
S 8.75 LA 2.65 8.49 10.7 4.66 15.4 Soe 1.42 9.88 0.636 - 6.07 LA 6.08
Erract 3 Extract 3
X, 10.5 721 0.9%0 1.87 7.78 274 1.3 X 105 7241 0.990 1.87 7.78 274 11.3
§, 9.20 30.6 1.06 0.404 2.32 1.05 5.24 Soe 0.678 526 0.080 0437 1.07 0.094 0.622
2.50 19.9 2.25 270 2.33 2.22 2.28 X, 2.50 199 2.25 2.70 233 2.22 2.28
a4 &
Sa 0.765 1.67 0.260 0450 0.327 0.331 0.183 Spa 0.098 0.666 0.260 0.450 0.288 0.110 0.097
Sre 9.17 30.6 0.950 LA 230 0.996 5.24 Soe 0.671 522 .. ..4 LA 1.03 LA 0.614
Exract 5 Extract §
6.23 52.8 0.322 185 4.73 2.0 8.46 X, 6.23 52.8 0322 185 4.73 2.01 B.46
p 217 124 0.100 0.516 1.09 0.470 2.38 o 1.46 127 0.000 0.266 0987 0.160 0.810
. 2.50 19.9 2.25 270 2.33 2.22 2.28 X, 2.50 19.9 2.25 2.70 233 2.22 2.28
S 0.765 1.67 0260 0.450 0.327 0331 0.183 Sax 0.098 0.666 0.260 0.450 0288 0.110 0.097
S 203 12.3 “ A 1.04 0.333 2.37 Sou 1.46 12.7 A “ 0.944 0.116 0.804
Exvact 7 Extract 7
z 513 527 0.416 1.53 3.95 1.59 6.65 X, 5.13 52.7 0416 1.53 3.95 1.59 6.65
gq 1.90 486 0089 0.730 1.47 0.270 0.652 Sa 0.865 217 0100 0.255 0385 0.319 0.535
. 2.50 19.9 2.25 2.70 2.33 2.22 2.28 X, 2.50 19.9 2.25 270 2.33 222 2.28
S, 0.765 167 0260 0.450 0.327 0.331 0.183 Soa 0.098 0666 0.260 0.450 0.288 0.110 0.097
S 174 4.56 4 0.455 1.43 A 0.626 Seo 0.859 2.06 A A 0.255 0.299 0.526
Ecract 10 . Extract 10
b a 1.46 62.3 0.444 156 2.72 1.36 6.71 X, 1.46 62.3 0.444 156 272 1.36 6.71
Sy 0.866 217 0.067 0.467 0679 0.239 1.89 See 0.955 840 0.032 0.308 0.188 0.235 0.968
1, 250 19.9 2.25 2.70 2.33 222 2.28 X, 250 19.9 225 2.70 2.33 2.22 2.28
Sa 0.765 1.67 0.260 0.450 0.327 0331 0.183 Soe 0.098 0.666 0.260 0450 0.288 0110 0.097
S 104 o218 LA A 0556 . 1.88 Soe 0850 837 ... “ A 0208 0.963
A
S,

' 5 100 small to be statistically evident.
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4 5,. is 100 small to be statistically evident.
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Response to Agency Comments
Draft Basewide Remedial Investigation/Feasibility Study
Volume Il - Site 3 Remedial Investigation
Fort Ord, California

The following are the Army's responses to the comments of the regulatory agencies on the Draft Basewide
Remedial Investigation/Feasibility Study. All comments and the associated responses pertaining to Volume II,
Site 3, of the Basewide Remedial Investigation/Feasibility Study are provided below.

. U.S. ENVIRONMENTAL PROTECTION AGENCY TECHNICAL REVIEW COMMENTS

Analysis of Conclusions and Recommendations

Comment 1: The conclusion and recommendation concerning groundwater contamination by lead are not well
supported. First, the data on leachability of lead at Site 3 is interpreted in this report to suggest
that the potential for groundwater contamination by lead is low; however, this data could equally
well suggests that infiltration of rainfall could well contribute to groundwater contamination.
Second, the recommendation for no groundwater monitoring is based on little or no actual
groundwater data as presented in this report. See Specific Comment 10 for details.

Response: The response to this comment is covered in detail under the response to EPA Specific
Comment 10.

General Comments

Comment 1: The assessment of data quality is not complete and should include a discussion of whether the
data quality objectives, bulleted in Section 4.4, were met. Moreover, field quality control sample
results should be included when assessing data guality.

Response: The data quality objectives of the Site 3 investigation bulleted in Section 4.4 were met. Soil
chemical data were collected and evaluated. These data indicated that a release of heavy metals,
primarily lead, has occurred as a result of the weathering of spent ammunition present at the site
(Section 4.1). Visual mapping of spent ammunition correlated with soil chemical data were used
to assess the horizontal and vertical extent of contamination (Section 6.0). In addition to these
data, air samples were collected and additional soil and plant samples were collected to perform
a site-specific Human Health Risk Assessment (Volume III of this report) and Ecological Risk
Assessment (Volume IV of this report). The Human Health Risk Assessment included a list of,
and the process for selecting, primary chemicals of concern at Site 3. In addition, physical soil
data including cation exchange capacity, TOC, and pH were collected to assess fate and transport
properties of site soils (Section 6.2). Additional language has been added to the text in
Section 4.4 to address this comment.

Comment 2:  This RI report lacks a discussion of the fate and transport of contaminants. A fate and transport
section should discuss the potential routes of contaminant migration, contaminant persistence in
the environment, and contaminant migration for the chemicals detected in the remedial
investigation.

Response: A fate and transport section has been added to the report, Section 6.2.
Comment 3: This RI report lacks an assessment of whether there are additional data needs, or data gaps, as a

result of the planned RI activities. Have all of the data required for the risk assessment and the
feasibility study been collected? Has the horizontal and vertical extent of contamination been

Volume I} Site 3
A33690-H Harding Lawson Associates F1
November 18, 1994



Response:

adequately defined? Have the impacts to groundwater heen adequately determined? The
answers to these and other questions should be presented in a discussion of data gaps.

The text has been revised to include a separate discussion of conclusions of the Site 3 RL
Additional data needs or data gaps associated with this investigation have not been identified.
Sufficient data have been collected to assess the horizontal and vertical extent of contamination
and perform the Risk Assessment and Feasibility Study. Potential impacts to groundwater have
also been evaluated. The conclusions are presented in Section 6.0.

Specific Comments

Comment 1:

Respomnse:

Comment 2:

Response:

Comment 3:

Respomnse:

Comment 4:

Respomnse:

Comment 5:

Response:

Comment 6:

Volume l1
A33690-H

November 18, 1994

Section 1.3, Page 1, first paragraph: When will the proposed reuse for Site 3 take effect? Will
investigation and remedial activities be completed prior to this date?

Section 1.3 has been revised to address this comment.

Section 1.4, Page 2, second paragraph: This discussion should identify the maximum
contaminant levels (MCLs), federal or state, to which compounds detected at the site are being
compared.

Federal and state MCLs were reviewed and the groundwater chemical analytical data were
compared to the lower of the two MCLs. The text has been revised for clarification and a table of
current federal and state MCLs has been added as Table F1 of this appendix.

Section 2.2, Page 4, first paragraph: A figure would be helpful in identifying and locating the
biological communities discussed in this section.

Plates 3, 4, and 5 have been added as suggested.

Section 4.2.2, Page 15, second paragraph: The rationale should be provided for the leachate tests
performed for lead at Site 3. Why was the American Society of Testing and Materials (ASTM)
Moethod D4793 (88) selected rather than the waste extraction test (WET) or the toxicity
characteristic leaching procedure (TCLP)? The description in Appendix E doe not support the
use of the ASTM test method. Appendix E states that this test method is not intended to provide
extracts that are representative of the actual leachate produced from a waste in the field. It is
also not intended to simulate site specific leaching conditions and it has not been demonstrated
to simulate actual disposal site leachate conditions.

ASTM D4793-88 was selected as the leach test method and presented in HLA's Draft Final Work
Plan for the RI at Site 3 (HLA, 1993f); this was approved by the regulatory agencies prior to
initiating field work. Additional language has been added to Section 4.2.2 for clarification
regarding selection of this test method.

Section 4.2.3, Page 15, first paragraph: The background values for detected compounds should
be provided in Tables 9 and 10 and in the discussions provided in this report so that the
magnitude of contamination above background can be determined.

Tables 9 and 10 have been revised and a discussion included in the text, Section 4.2.3, to address
this comment.

Section 4.2.3, Page 15, fourth paragraph: How does the background value used for lead compare
to the screening level presented?

Site 3
Harding Lawson Assoclates F2



--.. Response:

Comment 7:

Response:

Comment 8:

Response:

Comment 9:

Response:

Comment 10:

Volume Il
A33690-H
November 18, 1994

The screening level for lead at Site 3 has been revised to 51.8 mg/kg, which is the maximum
background concentration for lead. See Section 4.2.3 of the text.

Section 4.2.3.4, Page 17, third bullet: - Lead results of the leachate analyses conducted cannot be
compared to the MCL for lead (Also please clarify which MCL is being used here. Provide a
reference.) As indicated in comment number 4, the ASTM test method used does not simulate
site specific conditions. Moreover, the MCL for lead of 0.05 mg/L is applicable if either the WET
or the TCLP test was used.

Text has been revised, and references comparing the MCL and the leachate results have been
removed to address this comment.

Section 4.4, Page 18: The data validation assessment section should include a discussion of
whether each of the data quality objectives listed were met. For example, a refined list of
chemicals of concern should be included and discussed. Did the leach tests performed
adequately assess fate and transport characteristics? As mentioned in the general comments, a
fate and transport section was not included in this report. Were precision and accuracy
objectives met?

The text has been revised to state that the data quality objectives of the RI were met. These are
specifically discussed in the response to EPA General Comment 3. Specific data validation
procedures and goals (including precision and accuracy goals) are discussed thoroughly in
Appendix D of the Site 3 RI. The list of chemicals of concern, and their selection, is presented in
the Human Health Risk Assessment, Volume III of this report. The leach tests performed did not
adequately address fate and transport characteristics. A fate and transport section has been
added (Section 6.2).

Section 4.4, Page 18, last paragraph: Were field quality control sample data (field blanks, field
duplicates, decontamination rinsates) collected during the investigation? If so, why were these
data not included in the assessment of data quality?

Field quality control samples were not collected during the Site 3 RI. The text has been revised
to state this.

Section 5.4, Page 21, first paragraph: The conclusion that the potential for groundwater
contamination hy lead is low is not well supported by the arguments that are presented for the
following reasons:

a) This report states that concentrations of lead in soil greater than the 1000 mg/kg screening
level were not detected below depths of two feet. However, no information was provided
with how lead distribution by depth compared to the background lead level.

b) The report states that leachate results indicated that concentrations were below the MCL of
0.5 mg/l. As mentioned in Comments 4 and 7 above, the leachate results are not
representative of actual site conditions and are not directly comparable to the MCL.

c) The results of leachate analysis are reported to indicate that metals cbuld be leached by
rainwater. There is no information provided that would indicate that rainwater infiltrating
through high lead concentrations at the surface will not recharge groundwater.

d) The report states that priority pollutant metals were not detected above MCLs in the well
installed in Range 11, which is within 20 feet of a heavily bulleted dune. This reasoning is
not sound because it is not known whether the well is upgradient or downgradient of the

Site 3
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source area and it is not known whether groundwater extracted from this well can be
considered representative of groundwater conditions at the site.

Response: a) The screening level has been revised to 51.8 mg/kg, the maximum background concentration
for lead. Additional information was added to Section 4.2.3 comparing the vertical
distribution of lead to maximum background lead concentrations at Site 3.

b) Text has been revised, and references comparing the leachate results with MCLs have been
removed.

¢) Extensive leaching of lead from soil has not occurred, as evidenced by the vertical
distribution of lead in the soil. In addition, an evaluation of the fate and transport properties
of lead indicates that soil conditions (TOC, CEC, pH, and the presence of iron oxides) favor
retention of lead in site soils. Based on these data, the results for the leach tests do not
appear to be representative of actual field conditions at Site 3.

d) Monitoring Well MW-02-10-180 is within 20 feet in a crossgradient direction of a heavily
bulleted dune face, and groundwater data indicate that gradients in this area are relatively
flat. Because rainwater would infiltrate through high concentrations of spent ammunition
located on the dune face and because groundwater is shallowest in this area (given the
topography), this well is considered to represent a worse case scenario. Neither lead nor
priority pollutant metals were detected in samples collected from Monitoring
Wells MW-02-02-180 and MW-02-08-180 approximately 500 feet downgradient of a heavily
bulleted area in Range 9. These results suggest that groundwater has not been impacted by
lead to date.

VYolume Ii Site 3
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Table F1. Federal and State Groundwater Standards
Volume |l - Remedial Investigation, Basewide RI/FS

Ford Ord, California

CA MCL® CA MCLe FED MCL? FED MCL4 FED MCLG!
(primary) (secondary) (primary) {secondary) (primary)
Chemical (ug/h) g/l {v8/1) (ug/) (ug/)
Inorganics
Antimony NA NA 6 NA 6
Arsenic 50 NA 50 NA NA
Beryllium NA NA 4 NA 4
Cadmium 10 NA 5 NA 5
Chloride NA 250,000 NA 250,000 NA
Chromium (total) 50 NA 100 NA 100
Copper NA 1,000 NA([1,300)° 1,000 1,300
Fluoride f NA 4,000 2,0008 4,000
fron NA 300 NA 300 NA
Lead 50 NA NA(15)° NA 0.0
Mercury 2 NA 2 NA 2
Nickel NA NA 100 NA 100
Nitrate (as N) 45,000" NA 10,000 NA 10,000
Nitrite (as N) NA NA 1,000 NA 1,000
Selenium 10 NA 50 NA 50
Silver 50 NA NA 100 NA
Sulfate NA 250,000 NA 250,000 NA
Thallium NA NA 2 NA 0.5
Total dissolved solids NA 500,000 NA 500,000 NA
Zinc (total) NA 5,000 NA 5,000 NA
pH NA 6.5-8.31 NA 6.5-8.5 NA
Organics
Benzene 1 NA 5 NA 0.0
Bromodichloromethane NA NA 100 NA NA
Bromoform’ NA NA 100 NA NA
Volume I Harding Lawson Associates Site 3
A33600-H 10f3
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Table F1. Federal and State Groundwater Standards
Volume Il - Remedial Investigation, Basewlde RI/FS

Ford Ord, California

CA MCL® CA MCL® FED MCL! FED MCL4 FED MCLG!
(primary) (secondary) (primary) {secondary) (primary)
Chemical (ng/) (ug/l) {(ng/l) (ug/) (g

Bromoemethane NA NA NA NA NA
Carbon tetrachloride 0.5 NA 5 NA 0.0
Chlorobenzene 30 NA 100 NA 100
Chloroethane NA NA NA NA NA
2-Chloroethylvinylether NA NA NA NA NA
Chlorcformy NA NA 100 NA NA
Chlorcmethane NA NA NA NA NA
Dibromochloromethane! NA NA 100 NA NA
1,2-Dichlorobenzene NA NA 600 108 600
1,3-Dichlorcbenzene NA NA 600 NA 600
1,4-Dichlorobenzene 5 NA 75 58 75
1,1-Dichloroethane 5 NA NA NA NA
1,2-Dichloroethane 0.5 NA 5 NA 0.0
1,1-Dichloroethene 6 NA 7 NA 7
1,2-Dichloroethene 6 NA 70 NA 70
1,2-Dichloropropane 5 NA 5 NA 0.0
1,3-Dichloropropene 0.5 NA NA NA NA
Ethylbenzene 680 NA 700 308 700
Ethylene dibromide 0.02 NA 0.05 NA 0.0
Methylene chloride NA NA 5 NA 0.0
01l & Grease NA NA NA NA NA
Pentachlorophenol NA NA 1 NA NA
TPH as Diesel NA NA NA NA NA
TPH as Gasoline NA NA NA NA NA
1,1,2,2-Tetrachloroethane 1 NA NA NA NA
Tetrachloroethene 5 NA 5 NA 0.0
Toluene NA NA 1,000 408 1,000
1,2,4-Trichlorobenzene NA NA 70 NA 70

Volume I Harding Lawson Associates Site 3
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Table F1. Federal and State Groundwater Standards
Volume |I - Remedial Investigation, Basewide RI/FS
Ford Ord, California

CA MCL® CA MCIL® FED MCL4 FED MCL4 FED MCLG?
(primary) (secondary) (primary) (secondary) (primary)
Chemical (pg) (/1) (ng/1) (ug/h) (pg/1)
1,1,1-Trichloroethane 200 NA 200 NA 200
1,1,2-Trichlorecethane 32 NA . 5 NA 3
Trichloroethene 5 NA 5 NA 0.0
Trichlorofluocromethane 150 NA NA NA NA
Viny! chloride 0.5 NA 2 NA 0.0
Xylenss (total) 1,750 NA 10,000 208 10,000
CA MCL California Maximum Contaminant Level.
FED MCL  Federal Maximum Contaminant Level.
FED MCLG Federal Maximum Contaminant Level Goal.
ugfl Micrograms per liter.
NA Not available.
a Cal/EPA, 1991.
b Marshack, 1991.
C Title 22 California code of Regulations, Sections 64435, 64444.5, and 64473, June 21, 1991.
d EPA, 1992g.
e For copper and lead, a treatment technigues triggered at an action level of 1,300 pg/l for copper and 15 pg/l for lead became effective 1/93 in
lieu of an MCL.
f The CA MCL for fluoride is determined by the annual average of the maximum daily air temperature. For temperatures <53.7°F, MCL =
2,400 ;.Lg/l for 53.8-58.30F, MCL = 2,200 ,u,gfl for 58.4-63.80oF, MCL = 2,000 pg/l for 63.9-70.6°F, MCL = 1,800 ,tLg/l for 70.7-79.20F, MCL =
1,600 pg/l; for 79.3-90.50F, MCL = 1,400 pg/l
g This is a proposed secondary federal MCL.
h The CA MCL is for nitrate as NO,.
i Cal/EPA, 19889.
i Federal MCLs and MCLGs are for trihalomethanes (i.e., bromodichloromethane, bromoform, chloroform, and dichlorobromomethane).
k Standards are based on cis-1,2-dichloroethene.
Volume 1l Harding Lawson Associates Site 3
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Table 9a. Summary of Inorganic Analytical Results for Soil Samples, Study Area 1 - Site 3
Volume Il - Remediai Investigation, Basewide RI/FS

Fort Ord, California

Number of Number of Number of Number of
Samples Samples With Samples With Samples With Minimum
Test Method Tested for Cnemical Chemical Cnemical Detected
Analyte Name Chemical Detects Non-Detects Rejects Totals Units Value
p—
METALS BY ICP
Antimony 30 11 10 9 30 mg/kg 8.30
Chromium 30 30 0 0 30 mg/kg 7.00
Copper 15 15 0 0 15 mg/kg 5.50
Iron 30 30 0 0 30 mg/kg 3310.00
Lead 30 18 12 0 30 mg/kg 12.70
Zinc 30 29 1 0 30 mg/Kkg 10.80
EPA-282.2
Tin 30 8 22 0 30 mg/kg 1.50
EPA-7211
Copper 15 15 0 0 15 mg/kg 2.20
EPA-71396
Chromium VI 32 0 30 2 32
EPA-9045
pH 30 30 0 0 30 ph 5.80
EPA-9081
Cation Exchange Capacity as Na 30 30 0 0 30 meq/100g 4.60
IcP Inductively coupled plasma.
mg/kg Milligrams per kilogram.
meq/100g Milliequivalents per 100 grams.
NA Not Available
Note: Detailed analytical results presented in Appendix B.

Voiume i
H32704-H
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Maximum
Detected
Value

3360.00
53.80

S B e

19800.00
31200.00
32600.00
2160.00
67.40

12.30

8.30
17.60

Basewide
Background
Minimum
Detected
Value
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Basewide
Background
Maximum
Detected
Value

46.1
29.1
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105
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Table 9b. Summary of Inorganic Analytical Results for Soil Samples, Study Area 2 - Site 3
i Volume [l - Remedial Investigation, Basewide RI/FS
- Fort Ord, California

Basewide Basewide
Number of Number of Number of Number of Background Background
Samples Samﬁles With SamEles With SamEles With Minimum Maximum Minimum Maximum
Test Method Tested for Chemical Chemical Chemical Detected Detected Detected Detected
Analyte Name Chemical Detects Non-Detects Rejects Totals Units Value Value Value Value
METALS BY ICP
Antimony 30 7 23 0 30 mg/kg i0.50 970.00 NA NA
Chromium 30 30 0 0 30 ma/kg 6.20 24.90 3.3 46.1
Copper 15 15 0 0 15 mg/kg 8.70 4180.00 2.6 29.1
Iron 30 30 0 0 30 mg/Kg 3010.00 30400.00 NA NA
Lead 30 21 9 0 30 mg/kg 11.00 46300.00 2.1 51.8
Zinc 30 30 0 0 30 mg/kg 6.30 531.00 4.4 105
Tin 1 1 0 0 1 mg/kg 21.70 21.70 NA NA
EPA-282.2
Tin 29 5 24 0 29 mg/kg 1.00 8.90 NA NA
EPA-7211
Copper 15 15 0 0 15 mg/kg 1.30 4.40 NA NA
EPA-7186
Chromium VI 31 0 28 3 31
EPA-8045
pH 30 30 0 0 30 ph 5.30 7.80 5.7 10
EPA-9081 _
Cation Exchange Capacity as Na 30 30 0 0 30 meq/100g 3.40 40.30 NA NA
ICP Inductively coupled plasma.
mg/kg Milligrams per kilogram.
meq/100g Milliequivalents per 100 grams.
NA Not Available
Note Detailed analytical results presented in Appendix B
Volume I Harding Lawson Associates Site 3
H32704-H 1of 1

November 18, 1994

if thisi image isnotas
legibie as this overiay, it's
due to the poor quality of

the original document



Test Method Tested for
Analyte Name Chemical
METALS BY ICP
Antimony 9
Chromium 9
Iron 9
Lead 9
Zinc 9
EPA-282.2
Tin 9
EPA-7211
Copper 9
EPA-7196
hromium VI 9
-9045
~ pH 9
EPA-9081
Cation Exchange Capacity as Na 9
ICP Inductively coupled plasnma.
mg/kg Milligrams per kilogram.
meq/100g Milliequivalents per 100 grams.
Not Available
Note Detailed analytical results presented in A

H32704-H
November 18, 1994

Number of

Camnlac
waANpMLE S

Table 8c. Summary of Inorganic Analytical Results for Soll Samples, Contr ea - Site
Volume !l - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Basewide Basewide
Number of Number of Number of Background Background
Samples With Samples With Samples With Minimum Maximum Minimum Maximum
Chenical Chemical Chemical . Detected Detected Detected Detected
Detects Non-Detects Rejects Totals Units Value Value Value Value

0 9 0 9 NA NA

9 0 0 9 mg/kg 3.20 17.90 3.3 46.1

9 0 0 9 mg/kg 1810.00 8560.00 NA NA

1 8 0 9 mg/kg 14.20 14.20 2.1 51.8

7 2 0 9 mg/kg 7.30 12.50 4.4 i05

0 9 0 9
9 0 0 9 mg/kg 0.47 2.00 NA NA
0 9 0 9
9 0 0 9 ph 5.10 7.70 5.7 i0
9 0 0 9 meq/100g 2.00 8.70 NA NA
Appendix B.
Blamdivesn §| wmussenonimn Accemmiadas
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Number of Number of Number of
Number of Samples With Samples With Samples With
Test Method Samples Detected Nondetected Results
Analyte Analyzed Analyte Analyte Rejected Totals
EPA-9060
Total Organic Carbon 69 69 0 0 69

mg/kg Milligrams per kilogram
NOTE: Detailed analytical results presented in Appendix B.

Volume I Harding Lawson Associates

H32704-H
November 18, 1994

Table 10. Summary of Organic Analytical Results for Soil Samples - Site 3
Volume Il - Remedial Investigation, Basewide RI/FS
Fort Ord, California

Minimum

Detected
Units Value
mg/kg 229.00

Maximum
Detected
Value

14800.00

Aﬁéasewide Basewide
Background Background
Minimum Maximum
Detected Detected
Value Value
861.00 35,600.00

Site 3
1of1
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